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FOREWORD 


Tropical  cyclones  have  always  been  a  men¬ 
ace  to  both  military  and  civilian  activities 
in  tropical  and  subtropical  oceanic  regions. 
During  recent  times,  much  effort  has  been  fun- 
neled  toward  more  accurate  tropical  cyclone 
forecasts  and  toward  more  efficient  operation¬ 
al  responses  to  those  forecasts.  A  large  por¬ 
tion  of  this  effort  is  based  on  studies  which, 
if  meaningful,  must  be  based  on  accurately 
documented  data.  The  Annual  Typhoon  Report 
represents  such  documentation. The  body  of 
this  report  is  a  summary  of  the  tropical  cy¬ 
clones  that  occurred  during  1977  in  the  west¬ 
ern  North  Pacific,  central  North  Pacific  and 
North  Indian  Oceans. 

The  Annual  Typhoon  Report  is  prepared  by 
the  staff  of  the  Joint  Typhoon  Warning  Center 
(JTWC) .  JTWC  is  a  combined  USAF/USN  entity 
operating  under  the  command  of  Fleet  Weather 
Central,  Guam.  The  senior  Air  Force  officer 
assigned  is  designated  as  Director,  JTWC  and 
is  responsible  to  the  Commanding  Officer, 

Fleet  Weather  Central,  Guam  for  the  operation 
of  the  JTWC.  The  senior  Naval  officer  of  the 
JTWC  is  designated  as  the  Deputy  Director/Op¬ 
erations  Officer.  JTWC  was  established  by 
CINCPACFLT  message  280208Z  April  1959  when 
directed  by  CINCPAC  message  230233Z  April 
1959.  Its  operation  is  guided  by  the  CINCPAC 
INST  3140.1  (series)  . 

The  Fleet  Weather  Central/Joint  Typhoon 
Warning  Center,  Guam  has  the  responsibility 
to : 

1.  Provide  continuous  meteorologi¬ 
cal  watch  of  all  tropical  activity  north  of 
the  equator,  west  of  the  Date  Line,  and  east 
of  the  African  coast  (JTWC  area  of  responsi¬ 
bility)  for  potential  tropical  cyclone  devel¬ 
opment  ; 

2.  Provide  warnings  for  all  tropi¬ 
cal  cyclones  in  the  assigned  area  of  responsi¬ 
bility; 

3.  Determine  tropical  cyclone  re¬ 
connaissance  requirements  and  assign  priori¬ 
ties  ; 


4.  Conduct  an  annual  post  analysis 
of  all  tropical  cyclones  occurring  within  the 
area  north  of  the  equator  from  140W  west  to 
the  coast  of  Africa  and  prepare  an  Annual  Ty¬ 
phoon  Report  for  issuance  to  interested  agen¬ 
cies;  and 

5.  Conduct  tropical  cyclone  fore¬ 
casting  and  detection  research  as  practicable. 

In  the  event  of  incapacitation  of  the 
JTWC,  the  alternate  (AJTWC)  assumes  the  re¬ 
sponsibility  for  the  issuance  of  warnings. 

In  early  November,  1977,  Fleet  Weather  Cen¬ 
tral,  Pearl  Harbor,  Hawaii  was  designated  as 
the  AJTWC.  Assistance  in  determining  tropi¬ 
cal  cyclone  reconnaissance  requirements  and 
in  obtaining  reconnaissance  data  is  provided 
by  Detachment  4,  1st  Weather  Wing,  Hickam  AFB, 
Hawaii.  Previously,  the  AJTWC  designate  was 
Detachment  17,  30WS,  Yokota  AB,  Japan,  with 
assistance  from  the  Naval  Weather  Service 
Facility,  Yokosuka,  Japan. 

The  Central  Pacific  Hurricane  Center, 
(CPHC)  Honolulu,  Hawaii  is  manned  by  members 
of  the  U.  S.  National  Weather  Service  who 
are  responsible  for  the  issuance  of  tropical 
cyclone  warnings  for  the  area  north  of  the 
equator  from  the  Date  Line  east  to  140W. 
Warnings  are  issued  in  coordination  with  the 
Fleet  Weather  Central,  Pearl  Harbor  and  De¬ 
tachment  4,  IWW,  Hickam  AFB,  Hawaii.  Post 
analysis  information  is  forwarded  to  the 
JTWC  for  inclusion  in  the  Annual  Typhoon 
Report . 

The  meteorological  services  of  the 
United  States  are  planning  to  implement  the 
metric  system  of  measurement  over  the  next 
few  years.  Some  civilian  and  military  agen¬ 
cies  have  started  the  education  program  by 
showing  the  metric  equivalents  to  current 
units  of  measure.  This  Annual  Typhoon  Report 
includes  metric  equivalents  to  most  measures. 

Unless  otherwise  stated  all  satellite 
data  used  in  this  ATR  is  Air  Force  Weather 
Service  DMSP  Data  as  acquired  by  OL-C,  27CS 
personnel  and  analyzed  by  Det  1,  IWW  person¬ 
nel  colocated  with  JTWC  at  Nimitz  Hill,  Guam. 
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CHAPTER  I 


OPERATIONAL  PROCEDURES 


1.  GENERAL 

Routine  services  provided  by  the  Joint 
Typhoon  Warning  Center  (JTWC)  include  the 
following:  (1)  Significant  Tropical  Weather 

Advisories  issued  daily  describing  all  trop¬ 
ical  disturbances  and  their  potential  for 
further  development;  (2)  Tropical  Cyclone 
Formation  Alerts  issued  whenever  interpre¬ 
tation  of  satellite  and  synoptic  data  indi¬ 
cates  likely  formation  of  a  significant  trop¬ 
ical  cyclone;  (3)  Tropical  Cyclone  Warnings 
•issued  four  times  daily  whenever  a  significant 
tropical  cyclone  exists  in  the  Pacific  area; 

(4)  Tropical  Cyclone  Warnings  issued  twice 
daily  whenever  a  significant  tropical  cyclone 
exists  in  the  Indian  Ocean  area;  and  (5) 
Prognostic  Reasoning  messages  issued  twice 
daily  for  tropical  storms  and  typhoons  in  the 
Pacific  area. 

JTWC  responds  to  changing  requirements  of 
activities  serviced.  Therefore,  contents  of 
routine  services  are  subject  to  change  from 
year  to  year  usually  as  a  result  of  the  Annual 
Tropical  Cyclone  Conference  deliberations. 

2.  DATA  SOURCES 

a .  COMPUTER  PRODUCTS : 

FLEWEACEN  Guam  provides  computerized 
meteorological/oceanographic  products  for 
JTWC.  In  addition,  the  standard  array  of 
synoptic-scale  computer  analyses  and  prog¬ 
nostic  charts  are  available  from  the  Fleet 
Numerical  Weather  Central  (FNWCj  at  Monterey, 
California  via  FLEWEACEN  Guam. 

b.  CONVENTIONAL  DATA: 

Conventional  meteorological  data  are 
defined  as  surface  and  upper  air  observations 
from  island,  ship  and  land  stations  plus 
weather  observations  from  commercial  and  mil¬ 
itary  aircraft  (AIREPS) .  Computer  plotted 
charts  of  OOOOZ  and  1200Z  conventional  data 
are  produced  daily  for  the  surface,  850  mb, 

700  mb,  and  500  mb  levels.  A  chart  of  upper 
air  data  is  produced  which  utilizes  200  mb 
rawinsonde  data  and  AIREPS  above  29,000  ft 
within  6  hours  of  the  OOOOZ  and  1200Z  synoptic 
times.  The  surface/gradient,  500  mb  and  200 
mb  level  charts  are  hand  plotted  over  impor¬ 
tant  tropical/subtropical  regions  during  the 
tropical  cyclone  season  to  complement  computer 
aids  and  insure  all  available  data  are  used. 

c.  AIRCRAFT  RECONNAISSANCE: 

Aircraft  weather  reconnaissance  data 
are  invaluable  in  the  positioning  of  centers 
of  developing  systems  and  essential  for  the 
accurate  determination  of  the  eye/center,  max¬ 
imum  intensity,  minimum  sea-level  pressure, 
and  radius  of  significant  winds  exhibited  by 
tropical  cyclones.  These  data  are  plotted  on 
large-scale  sectional  charts  for  each  mission 
flown.  A  comprehensive  discussion  of  aircraft 
weather  reconnaissance  is  presented  in  Chapter 
II. 


d.  SATELLITE  RECONNAISSANCE: 

Meteorological  satellite  data  from 
the  Defense  Meteorological  Satellite  Program 
(DMSP)  and  the  National  Oceanic  and  Atmo¬ 
spheric  Administration  played  a  major  role  in 
the  early  detection  and  tracking  of  tropical 
cyclones  in  1977.  A  discussion  of  this  role, 
as  well  as  applications  of  satellite  data  to 
tropical  cyclone  analysis  and  forecasting,  is 
presented  in  Chapter  II. 

e.  RADAR  RECONNAISSANCE: 

During  1977,  as  in  recent  years, 
land  radar  coverage  was  utilized  extensively 
when  available.  Once  a  storm  moved  within  the 
range  of  a  land  radar  site,  reports  were 
usually  received  hourly.  Use  of  radar  during 
1977  is  discussed  in  Chapter  II. 

3.  ANALYSIS 

A  composite  surface/gradient  level  (3000 
ft)  manual  analysis  is  accomplished  on  the 
OOOOZ  and  1200Z  conventional  data.  Analysis 
of  the  wind  field  using  streamlines  is 
stressed  for  tropical  and  subtropical  regions. 
Analysis  of  the  pressure  field  is  stressed  for 
higher  latitudes  and  vicinity  of  intense  trop¬ 
ical  systems. 

Manual  analysis  of  the  500  mb  level  is 
accomplished  on  the  OOOOZ  and  1200Z  data  when 
significant  tropical  cyclones  exist.  Although 
the  analysis  of  the  500  mb  height  field  is 
stressed,  analysis  of  the  wind  field  to  more 
clearly  delineate  steering  currents  is  equally 
important. 

A  composite  upper- tropospheric ,  manual 
analysis,  utilizing  rawinsonde  data  from  300 
mb  through  100  mb,  wind  directions  extracted 
from  satellite  data  by  Det  1,  IWW  and  AIREPS 
(plus  or  minus  6  hours)  at  or  above  29,000 
feet  is  accomplished  on  OOOOZ  and  1200Z  data 
daily.  Wind  and  height  data  are  used  to 
arrive  at  a  representative  analysis  of  trop¬ 
ical  cyclone  outflow  patterns,  of  steering 
currents,  and  of  areas  that  may  indicate  trop¬ 
ical  cyclone  intensity  change. 

Additional  sectional  charts  at  interme¬ 
diate  synoptic  times  and  auxiliary  charts 
such  as  checkerboard  diagrams  and  pressure 
change  charts  are  also  analyzed  during  periods 
of  significant  tropical  cyclone  activity. 

4.  FORECAST  AIDS 

a.  CLIMATOLOGY: 

Climatological  publications  utilized 
during  the  1977  typhoon  season  include  pre¬ 
vious  JTWC  Annual  Typhoon  Reports  and  climatic 
publications  from  Fleet  Weather  Central,  Guam, 
Director  Naval  Oceanography  and  Meteorology, 
Naval  Weather  Research  Facility,  Naval  Envi¬ 
ronmental  Prediction  Research  Facility,  Naval 
Postgraduate  School,  Air  Weather  Service, 

First  Weather  Wing  and  Chanute  Technical 
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Training  Center,  plus  publications  from  other 
Air  Force  and  Navy  activities,  various  univer¬ 
sities  and  foreign  countries. 

b.  OBJECTIVE  TECHNIQUES; 

The  following  objective  techniques 
were  employed  in  tropical  cyclone  forecasting 
during  1977.  A  description  and  an  evaluation 
of  these  techniques  is  presented  in  Chapter  V: 


(1) 

TYFN75 

(2) 

MOHATT  700/500 

(3) 

FCSTINT 

(4) 

12 -HR  EXTRAPOLATION 

(5) 

HPAC 

(6) 

TROPICAL  CYCLONE  MODEL 

(7) 

INJAH74 

FORECASTING  PROCEDURES 

a.  INITIALIZATION: 

In  the  preparation  of  each  warning, 
the  actual  surface  location  (fix)  of  the  trop¬ 
ical  cyclone  eye/center  just  prior  to  (within 
three  hours  of)  warning  time  is  of  prime  im¬ 
portance.  JTWC  uses  the  Selective  Reconnais¬ 
sance  Program  (SRP)  to  levy  an  optimum  mix  of 
aircraft,  satellite  and  radar  resources  to 
obtain  fix  information.  When  tropical  cy¬ 
clones  are  either  poorly  defined  or  the  actual 
surface  location  can  not  be  determined  but  an 
upper  level  position  is  available,  or  when 
conflicting  fix  information  is  received,  the 
"best  estimate"  of  the  surface  location  is 
subjectively  determined  from  the  analysis  of 
all  available  data.  If  fix  data  is  not  avail¬ 
able  due  to  reconnaissance  platform  malfunc¬ 
tions  or  communication  problems,  synoptic 
data  or  extrapolation  from  previous  fixes  is 
used.  The  initial  forecast  (warning  time) 
position  is  then  obtained  by  extrapolation 
using  the  current  fix  and  a  "best  track"  of 
the  cyclone  movement  to  date. 

b.  TRACK  FORECASTING: 

An  initial  forecast  track  is  devel¬ 
oped  based  on  persistence,  climatology  and 
objective  techniques.  This  initial  track  is 
subjectively  modified  based  on  the  following: 

(1)  The  prospects  for  recurvature 
are  evaluated  for  all  westward  and  northward 
moving  storms.  This  evaluation  is  based  pri¬ 
marily  on  present  and  forecast  position  and 
amplitude  of  middle  tropospheric  mid-latitude 
troughs  from  the  latest  SCO  mb  analysis  and 
numerical  prognoses. 

(2)  Determination  of  steering  level 
is  partly  influenced  by  maturity  and  vertical 
extent  of  the  system.  For  mature  storms  lo¬ 
cated  south  of  the  500  mb  subtropical  ridge, 
forecast  changes  in  speed  of  movement  are 
closely  correlated  with  forecast  changes  in 
the  intensity  of  the  ridge.  When  steering 
currents  are  very  weak,  the  tendency  for 

? forms  to  move  northward  due  to  their  internal 
forces  is  an  important  consideration. 

(3)  Over  the  12-  to  72-hr  forecast 
spectrum,  speed  of  movement  during  the  early 
time  frame  is  biased  toward  persistence  (12  hr 
extrapolation)  while  that  near  the  end  of  the 
time  frame  is  biased  towards  objective  tech¬ 
niques  and  climatology. 


(4)  A  final  check  is  made  against 
climatology  to  ascertain  the  likelihood  of 
the  forecast  track.  If  the  forecast  deviates 
greatly  from  climatology,  the  forecast  ration¬ 
ale  is  reappraised  and  the  track  adjusted  as 
necessary . 

c.  INTENSITY  FORECASTING: 

In  forecasting  intensity,  heavy  re¬ 
liance  is  placed  on  aircraft  reconnaissance 
reports,  the  Dvorak  satellite  interpretation 
model,  and  the  objective  techniques.  Addi¬ 
tional  considerations  are  the  position  and 
intensity  of  the  tropical  upper-tropospheric 
trough,  extent  and  intensity  of  upper-level 
outflow,  sea  surface  temperature,  terrain 
influences,  speed  of  movement,  and  proximity 
to  an  extratropical  environment. 

6.  WARNINGS 

Tropical  cyclone  warnings  are  numbered 
sequentially.  If  warnings  are  discontinued 
and  the  storm  reintensifies,  warnings  are 
numbered  consecutively  from  the  last  warning 
issued.  Amended  or  corrected  warnings  are 
given  the  same  number  as  the  warnings  they 
modify  plus  a  sequential  alphabetical  desig¬ 
nator.  Each  warning  includes  the  initial 
warning  time  eye/center  position,  intensity, 
and  the  radial  extent  of  30,  50  and  100  kt 
surface  winds  (when  applicable) ;  the  latest 
fix  position  used;  the  12  hr  forecast  direc¬ 
tion  and  speed  of  movement;  and,  forecast 
information.  Warnings  within  the  JTWC  Pacific 
Area  are  issued  within  two  hours  of  OOOOZ, 
0600Z,  1200Z  and  1800Z  with  the  constraint 
that  two  consecutive  warnings  may  not  be  more 
than  seven  hours  apart.  This  variable  warning 
time  allows  for  maximum  use  of  all  available 
reconnaissance  platforms  and  spreads  the  work¬ 
load  in  multiple  storm  situations.  The  fore¬ 
cast  intervals  for  all  tropical  cyclones, 
regardless  of  intensity,  are  12- ,  24-,  48- 
and  72-hr. 

Warnings  in  the  JTWC  Indian  Ocean  area 
are  issued  within  two  hours  of  0800Z  and  2000Z 
with  the  constraint  that  two  consecutive  warn¬ 
ings  may  not  be  more  than  fourteen  hours  apart, 
Warnings  for  this  area  are  issued  only  after  a 
tropical  cyclone  has  attained  an  intensity  of 
34  kt  or  greater.  Forecast  intervals  are  24 
and  48  hours. 

Warning  forecast  positions  are  verified 
against  the  corresponding  post  analysis  "best 
track"  positions.  A  summary  of  the  verifi¬ 
cation  results  for  1977  is  presented  in 
Chapter  V. 

7.  PROGNOSTIC  REASONING  MESSAGE 

In  the  Pacific  Area,  prognostic  reasoning 
messages  are  transmitted  based  on  the  OOOOZ 
and  1200Z  warnings  or  whenever  the  previous 
reasoning  is  no  longer  valid.  This  plain 
language  message  is  intended  to  provide  field 
meteorologists  with  the  reasoning  behind  the 
latest  JTWC  forecast.  Prognostic  reasoning 
messages  are  not  prepared  for  tropical  depres¬ 
sions  nor  for  the  Indian  Ocean  area. 

This  season  JTWC  began  including  confi¬ 
dence  statements  for  the  24  hr  forecasts.  A 
summary  of  the  verification  results  is  pre¬ 
sented  in  Chapter  V. 
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Prognostic  reasoning  information  appli¬ 
cable  to  all  customers  is  provided  in  the 
remarks  section  of  warnings  when  significant 
changes  are  made  or  when  deemed  appropriate 
by  the  typhoon  duty  officer. 

8.  SIGNIFICANT  TROPICAL  WEATHER  ADVISORY 

This  plain  language  message,  summarizing 
significant  weather  in  the  entire  JTWC  area  of 
responsibility,  is  issued  by  0600Z  daily.  It 
contains  a  detailed,  non-technical  description 
of  all  significant  tropical  disturbances  and 


the  JTWC  evaluation  of  potential  for  signifi¬ 
cant  tropical  cyclone  development  within  the 
24  hr  forecast  period. 

9.  TROPICAL  CYCLONE  FORMATION  ALERT 

Alerts  are  issued  whenever  interpretation 
of  satellite  and  other  meteorological  data 
indicates  significant  tropical  cyclone  forma¬ 
tion  is  likely.  These  alerts  will  specify  a 
valid  period  not  to  exceed  24  hours  and  must 
either  be  cancelled,  reissued  or  superseded 
by  a  warning  prior  to  expiration  of  the  valid 
period. 
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CHAPTER 


RECONNAISSANCE  &  COMMUNICATIONS 


1.  GENERAL 

The  Joint  Typhoon  Warning  Center  depends 
on  reconnaissance  to  provide  necessary,  accu¬ 
rate  and  timely  meteorological  information  in 
support  of  each  warning.  The  JTWC  relies 
primarily  on  three  sources  of  reconnaissance: 
aircraft,  satellite  and  radar.  Optimum  utili¬ 
zation  of  all  available  reconnaissance  assets 
is  obtained  through  use  of  the  Selective 
Reconnaissance  Program  (SRP)  whereby  various 
factors  are  considered  in  selecting  a  specific 
reconnaissance  platform  for  each  warning. 
Factors  include:  the  cyclone's  location  and 
intensity,  reconnaissance  platform  availabil¬ 
ity,  current  operations,  limitation  of  recon¬ 
naissance  assets,  and  the  cyclone's  threat  to 
life/property.  A  listing  of  reconnaissance 
fixes  used  this  season  can  be  found  in  Chapter 
VI.  Timely  receipt  of  reconnaissance  data  is 
extremely  important  to  the  typhoon  warning 
service.  Similarly,  a  warning  is  useless 
unless  it  can  be  received  by  customers  in  a 
timely  fashion.  Therefore,  efficient  commu¬ 
nications  into  and  out  of  JTWC  is  invaluable. 

2.  RECONNAISSANCE 

a.  AIRCRAFT: 

Aircraft  weather  reconnaissance  is 
performed  in  the  JTWC  area  of  responsibility 
by  the  54th  Weather  Reconnaissance  Squadron 
(54  WRS) .  The  squadron,  presently  equipped 
with  six  WC-130  aircraft,  is  located  at  Ander¬ 
sen  Air  Force  Base,  Guam.  From  July  through 
October,  augmentation  by  the  S3rd  Weather 
Reconnaissance  Squadron  at  Keesler  Air  Force 
Base,  Mississippi  brings  the  total  number  of 
available  aircraft  to  nine.  The  JTWC  recon¬ 
naissance  requirements  are  provided  daily 
throughout  the  year  to  the  Tropical  Cyclone 
Aircraft  Reconnaissance  Coordinator  (TCARC) . 
These  requirements  include  area(s)  to  be 
investigated, tropical  cyclone(s)  to  be  fixed, 
fix  times,  and  forecast  position  of  fix.  In 
accordance  with  CINCPACINST  3140. IM,  "Usage 
of  reconnaissance  assets  in  acquiring  meteoro¬ 
logical  data  from  aircraft,  satellites  and 
land-based  radar  shall  be  at  the  discretion 
of  FLEWEACEN/JTWC  Guam  based  on  the  following 
priorities : 

(1)  Alert  flights  and  vortex  or 
center  fixes  as  required  for  issuance  of  trop¬ 
ical  cyclone  warnings  in  the  Pacific  area  of 
responsibility; 

(2)  Center  or  vortex  fixes  as 
required  for  issuance  of  tropical  cyclone 
warnings  in  the  Indian  Ocean  area  of  respon¬ 
sibility; 

(3)  Supplementary  fixes;  and 

(4)  Synoptic  data  acquisition". 

As  in  previous  years,  aircraft  reconnais¬ 
sance  provided  direct  measurements  of  height, 
temperature,  flight  level  winds,  sea  level 
pressure,  estimated  surface  winds  (when  ob¬ 
servable)  and  numerous  additional  parameters. 


The  meteorological  data  is  gathered  by  the 
Aerial  Weather  Reconnaissance  Officers  and 
dropsonde  operators  of  Detachment  4,  Hq  AWS 
who  crew  with  the  54th.  These  data  provide 
the  Typhoon  Duty  Officer  indications  of 
changing  cyclone  characteristics,  radius  of 
cyclone  associated  winds  and  position  and 
intensity  determinations.  Another  important 
aspect  of  this  data  is  its  availability  for 
research  in  tropical  cyclone  analysis  and 
forecasting.  Aircraft  reconnaissance  will 
become  even  more  important  in  years  to  come 
when  high-resolution  tropical  cyclone  dynamic 
steering  programs  will  require  a  dense  input 
of  wind  and  temperature  data. 

b.  SATELLITE 

Satellite  fixes  from  USAF  ground 
sites  and  USN  ships  provide  day  and  night 
coverage  in  the  JTWC  area  of  responsibility. 
Interpretation  of  this  satellite  imagery  pro¬ 
vides  cyclone  positions,  and  for  daytime 
passes  estimates  of  storm  intensities  are 
also  made  through  the  Dvorak  technique. 

Detachment  1,  1st  Weather  Wing  on 
Guam  is  the  primary  fix  site  for  the  western 
North  Pacific.  Both  DMSP  and  NOAA  data  are 
received  and  processed.  DMSP  fix  positions 
received  at  JTWC  from  the  Air  Force  Global 
Weather  Central  (AFGWC) ,  Offutt  Air  Force 
Base,  Nebraska  were  the  major  source  of  satel¬ 
lite  data  for  the  Indian  Ocean.  NOAA  satel¬ 
lite  fixes  were  also  received  from  Fleet 
Weather  Facility  (FLEWEAFAC) ,  Suitland,  Mary¬ 
land  for  the  western  Pacific  and  Indian  Ocean 
areas.  GOES  fixes  were  also  provided  by  the 
National  Environmental  Satellite  Service, 
Honolulu,  Hawaii  for  the  storms  near  the 
dateline. 

c.  RADAR 

Land  radar  also  provides  very  use¬ 
ful  positioning  data  on  well  developed  cy¬ 
clones  when  in  proximity  (usually  within  175 
nm  of  the  radar  site)  of  the  Republic  of  the 
Philippines,  the  Republic  of  China,  Hong 
Kong,  Japan  (including  the  Ryukyu  Islands), 
the  Republic  of  Korea,  and  Guam. 

3.  AIRCRAFT  RECONNAISSANCE  EVALUATION 
CRITERIA 

The  following  criteria  are  used  to  evalu¬ 
ate  reconnaissance  support  to  JTWC. 

a.  Six-hour  fixes  -  To  be  counted  as 
made  on  time,  a  fix  must  satisfy  the  following 
criteria : 

(1)  Fix  must  be  made  not  earlier 
than  1  hr  before,  nor  later  than  1/2  hr  after 
scheduled  fix  time. 

(2)  Aircraft  in  area  requested  by 
scheduled  fix  time,  but  unable  to  locate 
center  due  to: 

(a)  Cyclone  dissipation;  or 
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(b)  Rapid  acceleration  of  the 
cyclone  away  from  the  forecast  position. 

(3)  If  penetration  not  possible 
due  to  geographic  or  other  flight  restric¬ 
tions,  aircraft  radar  fixes  are  acceptable. 

b.  Levied  6-hr  fixes  made  outside  the 
above  limits  are  evaluated  as  follows: 

(1)  Early- fix  is  made  within  the 
interval  from  3  hr  to  1  hr  prior  to  scheduled 
fix  times.  However,  no  credit  will  be  given 
for  early  fixes  made  within  3  hr  of  the 
previous  fix. 

(2)  Late-fix  is  made  within  the 
interval  from  1/2  hr  to  3  hr  after  scheduled 
fix  time. 

c.  When  3  hr  fixes  are  levied,  they 
must  satisfy  the  same  time  criteria  discussed 
above  in  order  to  be  classified  as  made  on 
time.  Three-hour  fixes  made  that  do  not  meet 
the  above  criteria  are  classified  as  follows: 

(1]  Early-fix  is  made  within  the 
interval  from  1  1/2  hr  to  1  hr  prior  to 
schedule  fix  time. 

(2)  Late-fix  is  made  within  the 
interval  from  1/2  hr  to  1  1/2  hr  after  sched¬ 
ule  fix  time. 

d.  Fixes  not  meeting  the  above  criteria 
are  scored  as  missed. 

e.  Fixes  levied  as  "resources  permit¬ 
ting"  are  not  evaluated. 

f.  Investigatives  -  to  be  counted  as 
made  on  time,  investigatives  must  satisfy  the 
following  criteria: 

(1)  The  aircraft  must  be  within 
250  nm  of  the  specified  point  by  the  sched¬ 
uled  time. 

(2)  The  specified  flight  level  and 
track  must  be  flown. 

C3)  Reconnaissance  observations 
are  required  every  half-hour  in  accordance 
with  AWSM  105-1.  Turn  and  mid-point  winds 
shall  be  reported  on  each  full  observation 
within  250  nm  of  the  levied  point. 

(4)  Observations  are  required  in 
all  quadrants  unless  a  concentrated  investi¬ 
gation  in  one  or  more  quadrants  has  been 
specified. 

(5)  Aircraft  must  contact  JTWC 
before  leaving  area  of  concern. 

g.  Investigatives  not  meeting  the  time 
criteria  of  paragraph  f,  will  be  classified 
as  follows: 

(1)  Late-aircraft  is  within  250  nm 
of  the  specified  point  after  the  scheduled 
time,  but  prior  to  the  scheduled  time  plus  2 
hr. 

(2)  Missed-aircraft  fails  to  be 
within  250  nm  of  the  specified  point  by  the 
scheduled  time  plus  2  hr. 


4.  AIRCRAFT  RECONNAISSANCE  SUMMARY 

During  the  1977  tropical  cyclone  season, 
199  six-hourly  vortex  fixes  and  4  supplemen¬ 
tary  vortex  fixes  were  levied  (Table  2-1). 
This  was  114  less  than  during  1976.  There 
were  fewer  tropical  cyclones  (4)  and  169 
fewer  warnings  issued.  Increased  reliance  on 
satellite  data  as  a  fix  platform  and  utiliza¬ 
tion  of  aircraft  for  synoptic  data  accounted 
for  the  lower  percentage  of  aircraft  fixes. 
For  example  in  1976,  310  aircraft  fixes  were 
levied  for  661  warnings  (46.9%)  while  in  1977 
only  203  fixes  were  levied  for  494  warnings 
(41.1%).  In  addition  to  vortex  fixes,  42 
investigative  missions  were  levied  during 
1977  compared  with  34  in  1976.  Various 
factors  accounted  for  the  increase.  In  1977 
only  3  storms  had  no  investigatives  because 
of  distances  involved  while  11  storms  had  2 
or  more  and  7  investigatives  were  levied  on 
systems  that  did  not  develop.  In  1976  7 
storms  had  no  investigatives  with  only  2 
storms  having  2  investigatives  each. 

Reconnaissance  effectiveness  is  summa¬ 
rized  in  Table  2-1.  The  missed  fix  rate  of 
1.5%  is  the  best  in  recent  years. 


1  TABLE  2-1.  AIRCEAFT  RECONNAISSASCE  EFFECTIVENESS  1 

EFFECTIVENESS 

NUMBER  OP 
FIXES 

PERCENT 

COMPLETED  ON  TIME 

189 

93.1 

EARLY 

0 

0.0 

LATE 

11 

5.4 

MISSED 

3 

1.5 

■  TOTAL 

203 

100.0 

LEVIED  VS. 

MISSED 

FIXES 

LEVIED 

MISSED 

PERCENT 

AVERAGE  1965-1970 

507 

10 

2.0 

1971 

802 

61 

7.6 

1972 

624 

126 

20.2 

1973 

227 

13 

5.7 

1974 

358 

30 

8.4 

1975 

217 

7 

3.2 

1976 

317 

11 

3.5 

1977 

203 

3 

1.5 

5.  SATELLITE  RECONNAISSANCE  SUMMARY 

The  Air  Force  provides  satellite  recon¬ 
naissance  support  to  JTWC  using  meteorological 
data  from  polar  orbiting  meteorological  satel¬ 
lites  of  the  Defense  Meteorological  Satellite 
Program  (DMSP) . 

A  network  of  tactical  DMSP  sites  at 
Nimitz  Hill,  Guam;  Clark  AB,  Philippines; 
Kadena  AB,  Japan;  Osan  AB,  Korea;  and  Hickam 
AFB,  Hawaii  provides  direct  readout  coverage 
north  of  the  equator  from  the  dateline  west 
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into  the  South  China  Sea.  In  February  1S77, 
the  Guam  site  was  modified  to  acquire  very 
high  resolution  data  from  the  National  Oceanic 
and  Atmospheric  Administration  (NOAA)  satel¬ 
lites.  The  Hawaii  site  was  modified  soon 
after . 

The  Air  Force  Global  Weather  Central 
(AFGWC)  at  Offutt  AFB,  Nebraska  using  stored 
data  readout  provides  satellite  reconnaissance 
over  the  Indian  Ocean  and  backup  for  the 
tactical  sites  in  WESTPAC.  Det  1,  IWW  at 
Guam,  colocated  with  JTWC,  operates  the  net¬ 
work,  tasking  appropriate  sites  for  tropical 
cyclone  position  reports. 

Prior  to  October  1977,  both  the  techni¬ 
cians  who  maintain  and  operate  the  DMSP  ground 
station  equipment  and  the  analysts  who  inter¬ 
pret  the  data  were  members  of  Air  Weather 
Service  (AWS)  .  In  October  1977,  .the  techni¬ 
cians  became  members  of  the  Air  Force  Commu¬ 
nications  Service  (AFCS)  as  part  of  an  overall 
AWS/AFCS  maintenance  consolidation. 

Satellite  positions  are  assigned  Position 
Code  Numbers  (PCN's)  depending  on  the  avail¬ 
ability  of  geography  for  precise  gridding  and 
the  state  of  the  tropical  cyclone's  circula¬ 
tion.  These  are  shown  in  Table  2-2.  Esti¬ 
mates  of  tropical  cyclone  intensity  are 
obtained  from  visual  data  using  the  Dvorak 
technique  (NOAA  Technical  Memorandum  NESS  45 
and  later  refinements). 


TABLE 

2-2.  POSITION  CODE  NUMBERS 

PCN 

METHOD  OF  CENTER  OETERMINATION/GRIODING 

1 

EYE/GEOGRAPHY 

2 

EYE/EPHEMERIS 

3 

WELL  DEFINED  CC/GEOGRAPHY 

4 

WELL  DEFINED  CC/EPHEMERIS 

5 

POORLY  DEFINED  CC/GEOGRAPHY 

6 

POORLY  DEFINED  CC/EPHEMERIS 

1  CC=C1rculation  Center  | 

Increased  satellite  availability  provided 
the  opportunity  to  more  effectively  use  satel¬ 
lite  reconnaissance  through  the  Selective 
Reconnaissance  Program  (SRP) .  For  the  first 
time  more  than  half  of  JTWC's  warnings  in 
WESTPAC  (51%)  were  based  on  satellite  posi¬ 
tions  of  tropical  cyclones.  In  the  Indian 
Ocean,  where  aircraft  and  radar  were  not 
available,  95.5%  of  JTWC's  warnings  were  based 
on  satellite  fixes. 

Use  of  a  dual-site  tasking  concept  which 
requires  at  least  two  DMSP  sites  to  make  each 
JTWC  levied  tropical  cyclone  fix  has  in  the 
past  resulted  in  a  99%  reliability  in  meeting 
JTWC's  satellite  fix  requirements.  However 
in  1977,  this  reliability  dropped  to  94.9%  due 
to  an  unreliable  early  afternoon  and  early 
morning  DMSP  satellite. 

The  loss  of  data  from  this  satellite  was 
random.  Therefore,  aircraft  reconnaissance 
was  levied  to  support  the  0600Z  and  1800Z 
warnings  when  appropriate.  Radar  and  NOAA  5 
satellite  data  was  also  used  as  primary  or 
backup  reconnaissance  at  these  times  limiting 


the  need  to  revert  to  extrapolation  as  a  warn¬ 
ing  base. 

A  comparison  of  satellite  derived  posi¬ 
tions  and  the  JTWC  Best  Track  positions  is 
shown  in  Table  2-3.  The  relative  accuracies 
of  satellite  positions  can  be  obtained  from 
this  table.  However,  the  values  are  also  a 
function  of  the  Best  Track  smoothing  process. 

Satellite  derived  fixes  were  also  ob¬ 
tained  from:  USN  ships  equipped  for  DMSP 
direct  readout;  the  National  Environmental 
Satellite  Service  using  NOAA  and  GOES  data; 
Fleet  Weather  Facility  (FLEWEAFAC) ,  Suitland, 
Maryland  using  stored  NOAA  data;  and,  from  the 
Naval  Weather  Service  Environmental  Detachment 
at  Diego  Garcia  using  NOAA  APT  data.  This 
information  was  invaluable  to  the  warning 
service.  Since  these  were  secondary  sources, 
they  were  not  put  through  the  end  of  the  year 
evaluation. 


2-3.  Mean  Devi 

ations  (nm)  of  DtISP 

Derived  Tropicsl 

1  Poaitions  from  JTUC  Best  Tracli  Positions 

1974-1977  (ell 

sites) . 

1 

S>abe 

r  of  cases  shown 

In  parentheses. 

1975 

1976 

1977  1 

PCS 

(ALL  SITES) 

(ALL  SITES) 

(ALL  SITES) 

(ALL  SITES)  1 

i 

13.6  (224) 

11.8  (214) 

12.4  (131) 

15.7 

(134) 

2 

17.4  (  37) 

20.4  (  35) 

20.1  (124) 

19.1 

(  47) 

3 

20,1  (422) 

21.2  (271) 

21.7  (161) 

22.4 

(141) 

(> 

23.9  (  70) 

22.4  [  50) 

29.3  (152) 

30.0 

(  75) 

S 

35.4  (342) 

34.2  (323) 

40.4  (247) 

37.7 

(357) 

« 

49.4  (108) 

44.7  (  71) 

49.0  (153) 

40.9 

(247) 

li? 

14.2  (26)> 

13.0  (249) 

16.1  (255) 

16.6 

(181) 

34A 

20.6  (492) 

21.4  (321) 

25.4  (313) 

25.0 

(216) 

38.8  (450) 

36.1  (394) 

43.7  (400) 

39.0 

(604) 

6.  RADAR  RECONNAISSANCE  SUMMARY 

The  1977  Typhoon  season  produced  a  total 
of  385  radar  center  fixes  accounting  for 
16.3%  of  all  tropical  cyclone  fixes  in  the 
western  Pacific.  One  radar  fix  was  taken  by 
a  WC-130  aircraft  of  the  54th  Weather  Recon¬ 
naissance  Squadron  during  Tropical  Storm 
Ruth.  All  other  radar  fixes  were  taken  by 
land  or  ship.  The  number  of  storms  that  were 
within  radar  acquisition  range  this  year  was 
11  compared  to  12  last  year,  but  the  total 
number  of  radar  fixes  this  year  was  only  one 
half  of  last  year's  number.  This  apparent 
contradiction  is  explained  by  a  smaller  num¬ 
ber  of  well  organized  storms  especially  of 
the  Super  Typhoon  classification,  one  versus 
four  last  year. 

The  WMO  radar  code  defines  three  cate¬ 
gories  of  accuracy  for  the  various  national 
meteorological  agencies'  radar  reports.  These 
categories  are:  good  (within  10  km  (5.4  nm)], 
fair  [within  10-30  km  (5.4-16.2  nm)]  and  poor 
[within  30-50  km  (16.2-27  nm) ] .  This  year 
287  radar  fixes  were  coded  in  this  manner  of 
which  62%  were  good,  27%  fair  and  11%  poor. 
Compared  to  the  JTWC  best  track,  the  mean  vec¬ 
tor  deviation  for  land  radar  sites  was  18.3 
nm  (34  km)  compared  to  11.6  nm  (21  km)  last 
year  and  for  the  one  aircraft  fix  the  devi¬ 
ation  was  32.4  nm  (60  km)  compared  to  16.0  nm 
(30  km)  last  year.  This  decrease  in  accuracy 
is  attributable  to  the  smaller  number  of  well 
organized  storms. 

Of  the  total  385  radar  fixes  this  year. 
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the  national  meteorological  agencies  of 
various  countries  accounted  for  75%;  U.  S. 

Air  Force,  Air  Weather  Service,  Sites  19%; 
and  5%  from  aircraft  control  and  warning 
(AC§W]  sites.  This  year  the  land  radar  sites 
in  Taiwan  provided  a  much  greater  percentage 
of  radar  fixes  (31%3  as  compared  to  previous 
years  due  to  five  storms  (Ruth,  Thelma,  Vera, 
Amy  and  Dinah)  passing  through  their  area  of 
acquisition.  The  extensive  radar  network  of 
the  Japan-Ryuku  area  provided  37%  of  the 
total  with  13%  from  Guam  and  3%  from  the 
Royal  Observatory  in  Hong  Kong.  The  Republic 
of  the  Philippines  also  noticeably  increased 
their  coverage,  up  to  12%,  as  five  storms 
(Thelma,  Sarah,  Freda,  Kim  and  Mary}  moved 
through  their  area.  As  in  previous  years, 
there  were  no  radar  fixes  taken  within  the 
Indian  Ocean  area. 

Of  the  eleven  storms  making  up  this 
year's  number  of  radar  fixes,  three  typhoons 
(Babe,  Kim  and  Vera)  accounted  for  58%  of  the 
total.  Typhoons  Babe  and  Vera  were  tracked 
by  the  Japanese  Meteorological  Agency  and 
Taiwan  radar  sites  to  account  for  40%  of  the 
total.  All  three  of  these  storms  were  fixed 
simultaneously  by  three  radar  sites  on  more 
than  one  occasion  during  their  tracks. 

7.  COMMUNICATIONS 

A  new  piece  of  communication  equipment, 
the  Naval  Environmental  Display  Station  (NEDS) 
was  installed  at  FWC/JTWC  in  1977.  The  NEDS 
is  an  addition  to  the  existing  variety  of 
JTWC's  communication  systems  which  include  the 
Automatic  Voice  Switching  Network  (AUTOVON) , 
the  Automatic  Digital  Network  (AUTODIN) ,  the 
Naval  Environmental  Data  Network  (NEDN) ,  and 
the  Air  Force  Automated  Weather  Network  (AWN) . 
The  NEDS  has  been  available,  although  not  yet 
fully  operational,  since  mid-1977  and  promises 
to  add  significantly  to  the  efficiency  of  data 
receipt  and  warning  preparation.  It  will 
eventually  replace  the  current  FWC  computer 
which  is  now  providing  the  graphical  display 
of  much  of  the  basic  meteorological  intelli¬ 
gence  received  via  the  NEDN. 

The  AUTOVON  serves  as  a  vital  communica¬ 
tion  link  and  is  a  back-up  for  primary  commu¬ 
nication  systems.  AUTODIN  is  used  for  dis¬ 
semination  of  warnings  and  other  related 
bulletins  which  are  concurrently  transmitted 
via  the  AWN.  These  messages  are  also  relayed 
for  further  transmission  over  US  Navy  Fleet 
Broadcasts  and  to  all  ships  and  island  sta¬ 
tions  via  US  Coast  Guard  CW  (Continuous  Wave 
Morse  Code)  and  voice  communications.  Inbound 
message  traffic  for  JTWC  is  received  via 
AUTODIN  addressed  to  FLEWEACEN  GUAM. 


Actual  message  tape  preparation  and 
entering  of  messages  into  the  AUTODIN  and  AWN 
circuits  is  performed  by  the  Nimitz  Hill  Naval 
Telecommunications  Center  (NTCC)  of  the  Naval 
Communications  Area  Master  Station  Western 
Pacific . 

The  main  data  source  for  JTWC  analyses 
is  a  dedicated  AWN  circuit  linking  JTWC 
directly  to  the  Automated  Digital  Weather 
Switch  (ADWS)  at  Clark  AB,  RP.  The  ADWS 
selects  and  routes  the  large  volume  of  mete¬ 
orological  reports  necessary  to  satisfy  JTWC 
requirements  for  the  right  data  at  the  right 
time.  At  times  of  primary  circuit  outage, 

JTWC  has  other,  though  limited  and  less 
efficient,  teletype  data  sources.  One  of 
these  provides  data  to  and  from  the  U.  S. 

Trust  Territory,  Guam,  and  the  Northern 
Marianas. 

High  frequency  single  sideband  (HF/SSB) 
and  phone  patch  through  the  USAF  aeronautical 
station  at  Andersen  AFB  (Andersen  Airways)  is 
the  normal  means  of  communication  between 
weather  reconnaissance  aircraft  and  JTWC. 
Depending  on  storm  location  or  propagation 
difficulties,  the  same  direct  voice  contact 
can  be  established  via  AUTOVON  through  other 
USAF  aeronautical  stations,  such  as  Clark, 
Yokota  or  Hickam  Airways.  USAF  weather  sta¬ 
tions,  colocated  with  the  aeronautical  sta¬ 
tions,  are  designated  weather  reconnaissance 
monitors  who  are  charged  with  acquiring, 
checking  and  transmitting  reconnaissance 
reports  into  the  AWN.  As  does  JTWC,  these 
monitor  stations  receive  the  data  via  HF/SSB 
and  phone  patch  and  often  copy  reports  simul¬ 
taneously  with  JTWC  for  efficiency  and 
accuracy. 

Reconnaissance  aircraft  provide  vortex 
data  in  two  stages.  The  preliminary  data, 
requiring  minimum  onboard  computations,  con¬ 
tain  enough  information  to  permit  JTWC  fore¬ 
casters  to  begin  preparation  of  warnings. 

The  average  delay  between  the  time  the  prelim¬ 
inary  fix  data  messages  were  obtained  and  the 
time  they  were  copied  at  JTWC  was  19  minutes 
in  1977  as  compared  to  15  minutes  in  1976, 
and  21  minutes  in  1975.  Similar  delay  times 
for  the  second  stage,  or  complete  eye/center 
fix  data  were  53  minutes  in  1977,  30  minutes 
in  1976  and  49  minutes  in  1975.  The  large 
difference  between  the  1976  and  1977  averages 
is  in  part  due  to  cases  when  extremely  poor 
propagation  conditions  caused  exceptionally 
long  delays.  Further  statistics  relating  to 
the  efficiency  of  air/ground  aircraft  recon¬ 
naissance  communications  are  given  in  Table 
2-4. 


TABLE  2-4.  1973-1977  AIR/GROUND  DELAY  STATISTICS 

FOR  AIRCRAFT  RECONNAISSANCE 


1973 

1974 

1975 

1976 

1977 

%CoinpleCe  fix  messages 
delayed  over  one  hour 

20 

19 

20 

21 

24 

%Complete  fix  messages 
received  after  warning 
time 

10.1 

4.9 

3.7 

4.7 

4.9 
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CHAPTER  III  -  RESEARCH  &  DEVELOPMENT  SUMMARY 


1.  GENERAL 

One  o£  the  tasks  of  the  Joint  Typhoon 
Warning  Center  is  to  conduct  applied  tropical 
cyclone  research,  as  time  and  resources  per¬ 
mit.  The  objective  of  this  research  is  to 
improve  operational  forecasts.  This  research 
primarily  involves  the  development  of  fore¬ 
casting  and  analysis  techniques  from  pub¬ 
lished  studies  and  preparing  reports  requested 
by  outside  agencies.  Meteorologists  from 
agencies  such  as  the  Naval  Environmental  Pre¬ 
diction  Research  Facility,  the  Naval  Postgrad¬ 
uate  School,  Det  4,  HQ  Air  Weather  Service, 

Det  1,  1st  Weather  Wing  and  the  54th  Weather 
Reconnaissance  Squadron  often  collaborate  on 
these  projects.  The  following  abstracts 
summarize  the  year's  research  and  development 
projects  completed  or  still  in  progress. 

2.  OPERATIONAL  APPLICATION  OF  A  TROPICAL 
CYCLONE  RECURVATURE/NON-RECURVATURE 
STUDY  BASED  ON  200MB  WIND  FIELDS 

(Guard,  C.  P. ,  FLEWEACEN/JTWC  TECH  NOTE 

77-1) 

In  his  paper.  Tropical  Cyclone  Motion 
and  Surrounding  Parimeter  Relationships, 

John  E.  George  demonstrated  the  relationship 
between  various  200  mb  wind  fields  and  recur- 
vature/non-recurvature.  Evaluation  of  the 
wind  fields  with  data  independent  of  George's 
study  indicated  that  significant  modification 
of  his  study  was  required  to  produce  an  oper¬ 
ationally  applicable  recurvature/non-recur- 
vature  study.  Synoptic  analysis  revealed  two 
distinct  environments  affecting  tropical  cy¬ 
clones,  a  Winter  Regime  and  a  Summer  Regime. 
All  tropical  cyclones  were  stratified  accord¬ 
ingly.  By  integrating  the  results  of  the 
evaluation  with  results  from  rigorous  synoptic 
and  statistical  analyses,  operationally  appli¬ 
cable  recurvature/non- recurvature  techniques 
were  developed  for,  both.  Winter  Regime  and 
the  Summer  Regime  tropical  cyclones. 

3.  TROPICAL  CYCLONJLCENTER  FIX  DATA  FOR 
THE  1976  STORM  SEASON 

(Staff,  FLEWEACEN/JTWC  TECH  NOTE  77-2) 

This  publication  is  a  listing  of  all 
center  fix  data  for  each  tropical  cyclone 
occurring  in  the  western  North  Pacific,  Bay 
of  Bengal,  and  Arabian  Sea  during  1976. 

(Note:  The  1977  center  fix  data  is  included 
in  Chapter  VI  herein,  and  will  not  be  pub¬ 
lished  as  a  separate  report.) 

4.  EVALUATION  OF  THE  DVORAK  IR  TECHNIQUE 
FOR  USE  WITH  DMSP  DATA 

(Corey,  T.  D. ,  DET  1,  1ST  WEATHER  WING) 

An  evaluation  was  made  of  the  Dvorak  IR 
technique  (1975)  using  nighttime  DMSP  IR  data. 
The  data  included  all  tropical  storms  and 
typhoons  occurring  during  the  period  1  June 
through  31  December  1976.  A  comparison  was 
made  between  the  Dvorak  IR  intensity  estimate 


and  the  corresponding  best  track  intensity. 

The  results  showed  that  the  Dvorak  IR  tech¬ 
nique  is  useful  in  describing  intensity  trends 
but  not  in  making  independent  intensity  esti¬ 
mates. 

5.  A  CLIMATOLOGY  OF  TROPICAL  CYCLONES 
FOR  THE  PERIOD  1971-1976 

(Willms,  G.  R. ,  FLEWEACEN/JTWC) 

An  analysis  was  made  of  all  tropical  cy¬ 
clones  occurring  in  the  JTWC  area  of  respon¬ 
sibility  during  1971-1976.  The  analysis 
determined;  the  average  speed  of  tropical 
cyclones,  by  month,  traversing  each  5°  lati¬ 
tude/longitude  square  in  the  western  North 
Pacific;  and  the  average  annual  number  of 
occurrences  of  tropical  cyclones  by  lati¬ 
tude/longitude  square  in  the  western  North 
Pacific,  Bay  of  Bengal  and  Arabian  Sea.  This 
study  updated  previous  work. 

6.  RELATIONSHIPS  BETWEEN  THE  TEMPORAL 
VARIATION  OF  EQUIVALENT  POTENTIAL 
TEMPERATURE  AND  TROPICAL  CYCLONE  INTENSITY 

(Hassebrock,  A.  W. ,  FLEWEACEN/JTWC) 

The  use  of  equivalent  potential  temper¬ 
ature  as  a  predictor  of  tropical  cyclone 
intensity  has  been  studied  previously  by 
Sikora  (ATR,  1975)  and  Milwer  (ATR,  1976). 
These  studies  examined  the  equivalent  poten¬ 
tial  temperature  (magnitude)  in  relation  to 
tropical  cyclone  intensity  and  found  incon¬ 
clusive  results.  In  this  study,  aircraft 
center  fix  data  for  1976-1977  tropical  cy¬ 
clones  were  analyzed  to  determine  if  temporal 
variations,  versus  magnitude,  of  equivalent 
potential  temperature  had  any  relationship 
with  tropical  cyclone  intensification.  Two 
types  of  variations  were  found  which  show 
potential  as  intensity  forecasting  aids. 

These  two  techniques  will  be  evaluated  during 
the  1978  storm  season. 

7.  THE  TRANSITIONING  OF  TROPICAL  CYCLONES 
TO  EXTRATROPICAL  CYCLONES 

(Guard,  C.  P.,  FLEWEACEN/JTWC  and  Brand, 
Samson,  NEPRF) 

An  examination  was  made  of  the  post¬ 
recurvature  transition  of  tropical  cyclones 
to  extratropical  cyclones.  Particular  empha¬ 
sis  is  placed  on  the  short-lived  intensifi¬ 
cation  that  tropical  cyclones  sometimes  under¬ 
go  after  recurvature,  as  cold  air  is  initially 
advected  into  the  region  of  the  wall  cloud. 

8.  FUTURE  AIRCRAFT  RECONNAISSANCE 
STORM  TRACKS 

(Staff,  FLEWEACEN/JTWC,  DET  4,  HQ  AWS 
AND  54  WRS) 

An  examination  was  made  of  storm  tracks 
needed  to  satisfy  future  data  requirements. 

New  tracks  were  developed  to  provide  increased 
peripheral  data  for  the  1978  season.  Addi¬ 
tional  tracks  were  discussed  which  may  be 
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required  to  provide  the  necessary  input  data 
for  the  FNWC  Tropical  Cyclone  Model. 

9.  TROPICAL  CHART  SERIES  FOR  SEPTEMBER  1975 

(Sokol,  D. ,  Willms,  G.  R.  and  Guard,  C. 
P.,  FLEWEACEN/JTWC) 

A  series  of  surface/gradient  and  200  mb 
charts  were  prepared  for  the  Naval  Postgrad¬ 
uate  School.  These  charts  depicted  a  period 
of  high  storm  activity  during  September  197S 
and  are  now  an  integral  part  of  the  labora¬ 
tory  instruction  at  the  school. 


10.  TROPICAL  WEATHER  STUDY  GUIDE 

(Fukada,  E.  M. ,  FLEWEACEN/JTWC) 

A  study  guide  on  tropical  weather  was 
prepared  for  the  Navy  Forecasters  School. 

The  study  guide,  which  was  in  a  programmed 
text  format,  discusses  the  climatology,  syn¬ 
optics  and  dynamics  of  tropical  weather. 


Note:  Anyone  desiring  additional  information 
on  any  of  the  above  subjects  should  contact 
the  Director,  JTWC. 
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CHAPTER  IV 


SUMMARY  OF  TROPICAL  CYCLONES 


1.  WESTERN  NORTH  PACIFIC  TROPICAL  CYCLONES 

During  1977,  the  western  North  Pacific 
experienced  the  smallest  number  of  typhoons 
since  JTWC's  formation  in  19S9.  Of  the  21 
numbered  tropical  cyclones  occurring  during 
1977  (Table  4-lJ,  only  eleven  developed  to 
mature  typhoons ,  eight  peaked  out  as  tropical 
storms ,  and  two  did  not  develop  beyond  de¬ 
pression  stages.  Tables  4-2  and  4-3  show 
that  both  the  number  of  tropical  storms  and 
typhoons  were  well  below  the  quantity  nor¬ 
mally  observed.  During  the  season,  only  Babe 
reached  the  130  kt  (67  m/sec)  intensity  nec¬ 
essary  to  be  classified  as  a  "super"  typhoon. 
The  months,  January  through  June,  were  com¬ 
pletely  void  of  typhoons  and  had  only  a  total 
of  two  tropical  storms,  Patsy  in  March  and 
Ruth  in  June.  This  early  season  lull  in 


activity  was  similar  to  that  observed  during 
1973  and  1975.  Tropical  cyclone  occurrences 
were  near  normal  during  July,  but  fell  to  a 
record  low  for  August  when  no  typhoons  and 
only  a  single  tropical  storm  was  observed. 
During  late  July  the  southwest  monsoon  of 
India  and  Southeast  Asia  became  very  deep  and 
intense,  extended  anomalously  into  the  west¬ 
ern  North  Pacific,  and  persisted  for  weeks. 
The  monsoon  trough  was  oriented  in  an  east- 
northeast  to  west-southwest  direction  from 
Hainan  Island  to  the  Bonin  Islands.  Several 
cyclonic  eddies  formed  within  the  trough  as 
Monsoon  Depressions,  i.e.,  systems  charac¬ 
terized  by  broad  surface  circulation  centers, 
highly  asymmetric  wind  fields,  surface  winds 
less  than  34  kt  (18  m/sec^  ,  greatest  inten¬ 
sity  at  5,000  to  10,000  ft  (1470-2940  m) ,  and 
strong  vertical  shear. 


1  TABLE  4-1 

PACIFIC  AREA 

■  1977  TROPICAL 

CYCLONES 

CALENDAR 

MAX 

MIN 

DAYS  OF 

SFC 

OBS 

NO.  OF 

WARNINGS 

DISTANCE 

CYCLONE 

TYPE 

NAME 

PRD  OF  WRNG 

WARNING 

WIND 

SLP 

TOTAL 

AS  TY 

TRAVELLED 

01 

TS 

PATSY 

23  MAR-31  MAR 

9 

50 

981 

25 

_ 

1190 

02 

TD 

TD  02 

26  MAY-27  MAY 

2 

30 

1001 

6 

— 

318 

03 

TS 

RUTH 

14  JUN-17  JUN 

4 

60 

980 

14 

_ 

874 

04 

TD 

TD  04 

05  JUL-06  JDL 

2 

30 

995 

6 

396 

05 

TY 

SARAH 

16  JUL-21  JDL 

6 

75 

970 

21 

3 

1540 

06 

TY 

THELMA 

21  JUL-26  JDL 

6 

85 

957 

21 

11 

1092 

07 

TY 

VERA 

28  JUL-01  AUG 

5 

110 

926 

18 

13 

814 

08 

TS 

WANDA 

31  JUL-04  AUG 

5 

45 

986 

17 

936 

09 

TS 

AMY 

20  AUG-23  AUG 

4 

40 

990 

16 

_ 

936 

10 

STY 

BABE 

02  SEP-10  SEP 

9 

130 

906 

36 

20 

2436 

11 

TS 

CARLA 

03  SEP-05  SEP 

3 

35 

994 

9 

614 

12 

TY 

DINAH 

14  SEP-23  SEP 

10 

75 

964 

38 

10 

1998 

13 

TS 

EMMA 

15  SEP-20  SEP 

6 

60 

966 

21 

_ 

1680 

14 

TS 

FREDA 

23  SEP-25  SEP 

3 

55 

997 

9 

859 

15 

TY 

GILDA 

03  OCT- 10  OCT 

8 

70 

968 

30 

8 

2332 

16 

TS 

HARRIET 

16  OCT- 20  OCT 

5 

55 

984 

19 

_ 

1544 

17 

TY 

IVY 

21  OCT-27  OCT 

7 

90 

945 

24 

12 

1877 

18 

TY 

JEAN 

* 

6 

65 

972 

20 

3 

1015 

19 

TY 

KIM 

06  NOV- 17  NOV 

12 

125 

916 

44 

25 

1338 

20 

TY 

LUCY 

28  NOV-07  DEC 

10 

115 

919 

39 

16 

3922 

21 

TY 

MARY 

20  DEC-03  JAN 

15 

100 

947 

59 

15 

4002 

1977  TOTALS 

124** 

492 

136 

INDIAN  OCEAN  AREA 

TC 

17-77 

11  MAY-13  MAY 

3 

60 

980 

4 

374 

TC 

18-77 

10  JUN- 13  JUN 

4 

60 

985 

6 

_ 

510 

TC 

19-77 

29  OCT-31  OCT 

3 

40 

994 

5 

_ 

691 

TC 

21-77 

•k 

11 

70 

979 

19 

4 

1387 

TC 

22-77 

15  NOV-19  NOV 

5 

115 

930 

10 

8 

875 

1977  TOTALS 

21** 

44 

12 

*JEAN  28 

OCT-31  OCT  AND  02 

NOV-03  NOV 

21-77  10 

NOV- 

-12  NOV  AND  14  NOV-21  NOV 

I  **OVERLAPPING  DAYS  INCLUDED 

ONLY  ONCE  IN  SUM 

1 _ 
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TABLE  A-2  FREQUENCY  OF  TROPICAL  STORMS  AND  TYPHOONS  BY  MONTH  AND  YEAR 

YEAR 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTAL 

AVERAGE 

(1945-58) 

0.4 

0.1 

0.4 

0.5 

0.8 

1.3 

3.0 

3.9 

4.1 

3.3 

2.7 

1.1 

22.0 

1959 

0 

1 

1 

1 

0 

0 

3 

6 

6 

4 

2 

2 

26 

1960 

0 

0 

0 

1 

1 

3 

3 

10 

3 

4 

1 

1 

27 

1961 

1 

1 

1 

1 

3 

2 

5 

4 

6 

5 

1 

1 

31 

1962 

0 

1 

0 

1 

2 

0 

6 

7 

3 

5 

3 

2 

30 

1963 

0 

0 

0 

1 

1 

3 

4 

3 

5 

5 

0 

3 

25 

1964 

0 

0 

0 

0 

2 

2 

7 

9 

7 

6 

6 

1 

40 

1965 

2 

2 

1 

1 

2 

3 

5 

6 

7 

2 

2 

1 

34 

1966 

0 

0 

0 

1 

2 

1 

5 

8 

7 

3 

2 

1 

30 

1967 

1 

0 

2 

1 

1 

1 

6 

8 

7 

4 

3 

1 

35 

1968 

0 

0 

0 

1 

1 

1 

3 

8 

3 

6 

4 

0 

27 

1969 

1 

0 

1 

1 

0 

0 

3 

4 

3 

3 

2 

1 

19 

1970 

0 

1 

0 

0 

0 

2 

2 

6 

4 

5 

4 

0 

24 

1971 

1 

0 

1 

3 

4 

2 

8 

4 

6 

4 

2 

0 

35 

1972 

1 

0 

0 

0 

1 

3 

6 

5 

4 

5 

2 

3 

30 

1973 

0 

0 

0 

0 

0 

0 

7 

5 

2 

4 

3 

0 

21 

1974 

1 

0 

1 

1 

1 

4 

4 

5 

5 

4 

4 

2 

32 

1975 

1 

0 

0 

0 

0 

0 

2 

4 

5 

5 

3 

0 

20 

1976 

1 

1 

0 

2 

2 

2 

4 

4 

5 

1 

1 

2 

25 

1977 

0 

0 

1 

0 

0 

1 

4 

1 

5 

4 

2 

1 

19 

AVERAGE 

(1959-77) 

0.5 

0.4 

0.4 

0.8 

1.2 

1.6 

4.6 

5.6 

4.9 

4.2 

2.5 

1.2 

27.9 

TABLE  i(-3  FREQUENCY  OF  TYPHOONS  BY  MONTH  AND  YEAR 

YEAR 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTAL 

AVERAGE 

(1945-58) 

0.4 

0. 1 

0.3 

0.4 

0.7 

1.1 

2.0 

2.9 

3.2 

2.4 

2.0 

0.9 

16.3 

1959 

0 

0 

0 

1 

0 

0 

1 

5 

3 

3 

2 

1 

20 

1960 

0 

0 

0 

1 

0 

2 

2 

8 

0 

4 

1 

1 

19 

1961 

0 

0 

1 

0 

2 

1 

3 

3 

5 

3 

1 

1 

20 

1962 

0 

0 

0 

1 

2 

0 

5 

7 

2 

4 

3 

0 

24 

1963 

0 

0 

0 

1 

1 

2 

3 

3 

3 

4 

0 

2 

19 

1964 

0 

0 

0 

0 

2 

2 

6 

3 

5 

3 

4 

1 

26 

1965 

1 

0 

0 

1 

2 

2 

4 

3 

5 

2 

1 

0 

21 

1966 

0 

0 

0 

1 

2 

1 

3 

6 

4 

2 

0 

1 

20 

1967 

0 

0 

1 

1 

0 

1 

3 

4 

4 

3 

3 

0 

20 

1968 

0 

0 

0 

1 

1 

1 

1 

4 

3 

5 

4 

0 

20 

1969 

1 

0 

0 

1 

0 

0 

2 

3 

2 

3 

1 

0 

13 

1970 

0 

1 

0 

0 

0 

1 

0 

4 

2 

3 

1 

0 

12 

1971 

0 

0 

0 

3 

1 

2 

6 

3 

5 

3 

1 

0 

24 

1972 

1 

0 

0 

0 

1 

1 

4 

4 

3 

4 

2 

2 

22 

1973 

0 

0 

0 

0 

0 

0 

4 

2 

2 

4 

0 

0 

12 

1974 

0 

0 

0 

0 

1 

2 

1 

2 

3 

4 

2 

0 

15 

1975 

1 

0 

0 

0 

0 

0 

1 

3 

4 

3 

2 

0 

14 

1976 

1 

0 

0 

1 

2 

2 

2 

1 

4 

1 

1 

0 

15 

1977 

0 

0 

0 

0 

0 

0 

3 

0 

2 

3 

2 

1 

11 

AVERAGE 

(1959-77) 

0.3 

0.1 

0. 1 

0.7 

0.9 

1.1 

2.8 

3.6 

3.2 

3.2 

1.6 

6.5 

18.  3 
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Upon  relaxation  of  the  deep,  southwest 
monsoon  flow,  Tropical  Storm  Wilda  developed, 
but  did  not  exceed  45  kt  (23  m/sec)  intensity 
in  the  environment  of  strong  vertical  shear. 
As  Wilda  moved  east  of  Japan,  she  caused  the 
monsoonal  flow  over  the  western  Pacific  to 
move  toward  the  north,  rather  than  toward  the 
cl imatologically  favored  regions  where  trop¬ 
ical  cyclones  normally  develop.  This  north¬ 
ward  flow  toward  low  pressure  continued  as 
several  extratropical  systems  developed  near 
the  sea  of  Japan,  south  of  the  normal  regions 
for  extratropical  cyclogenesis  in  August. 
About  the  middle  of  August,  the  deep,  south¬ 
west  monsoon  flow  again  intensified,  and 
again  several  Monsoon  Depressions  formed. 

When  the  monsoon  finally  weakened.  Tropical 
Storm  Amy  developed,  but  barely  to  40  kt  (21 
m/sec).  Amy  again  drew  the  western  Pacific 
region  of  low  pressure  far  north  of  its  nor¬ 
mal  position,  preventing  establishment  of  a 
significant  near-equatorial  trough  (NET).  In 
fact,  during  much  of  August,  pressures  were 
much  above  normal  in  the  tropics  and  easterly 
winds  dominated  the  equatorial  regions,  help¬ 
ing  to  prevent  cyclogenesis.  By  early 
September,  pressures  had  fallen  in  the  trop¬ 
ics,  flow  was  back  to  normal,  and  Super 
Typhoon  Babe  developed  in  the  NET,  south  of 
Guam.  The  remainder  of  the  1977  season  for 
both  tropical  storms  and  typhoons  was  near 
normal . 

During  1977,  26  Tropical  Cyclone  Forma¬ 
tion  Alerts  were  issued.  Of  these,  20  or  77% 


t  ‘l-'t. 

PACIFIC  AREA 

TROPICAL  aCLDIIE  fOWWTlON  ALERT  SUWARY 

IflMBER 

AIERT  SYSTERS 

TOTAL 

Of 

WHICH  BECARE 

NUreERED 

ALERT 

MMEREO 

TROPICAL 

tCVELOPrcai 

YEAR 

SYSTEMS 

TROPICAL  CYCL0II6S 

CYCLONES 

RATE 

1972 

41 

29 

32 

711 

1973 

26 

22 

25 

65S 

197A 

55 

50 

36 

862 

1975 

54 

25 

25 

742 

1976 

54 

25 

25 

742 

1977 

26 

20 

21 

77X 

MONTHLY  OISTRIBI/TION 

J 

F  fl  A  M 

J  J  A 

S  0 

R 

FOWATION  ALERTS  0 

0  10  1 

1  6  5 

6  5 

2 

developed  into  significant  tropical  cyclones 
(Table  4-4).  No  formation  alert  was  issued 
for  Typhoon  Jean.  Instead,  a  warning  was 
issued  in  order  to  provide  more  information 
to  a  U.  S.  Navy  ship  approaching  the  system. 
The  average  lead  time  between  issuance  of  a 
Tropical  Cyclone  Formation  Alert  and  the 
first  itfarning  was  21  hours,  with  a  minimum  of 
4  hours  with  Tropical  Storm  Wanda  and  a  maxi¬ 
mum  of  48  hours  with  Typhoon  Kim. 

Only  12  multiple-storm  days  occurred  in 
1977  (Taljle  4-5).  This  is  the  lowest  number 
of  multiple-storm  days  observed  since  JTWC 
began  keeping  records  in  1959.  Like  1970  and 
1975,  there  were  no  days  in  1977  in  which 
three  or  more  western  North  Pacific  tropical 
cyclones  occurred  simultaneously. 

The  1977  tropical  cyclone  season  was 
characterized  by  an  abundance  of  poorl-y  de¬ 
fined  cyclones  of  relatively  small  radial 
extent  of  which  many  exhibited  numerous 
erratic  movements.  The  weaker  cyclones  were 
often  inhibited  from  development  by  an  un¬ 
usually  large  and  intense  subtropical  ridge 
and  shear  of  the  horizontal  winds  with  height. 
In  contrast,  periods  of  weak  steering  currents 
resulted  in  five  storms  executing  one  or  more 
loops  each.  Overall  losses  of  life  and  prop¬ 
erty  were  thankfully  small.  Taiwan,  however, 
survived  a  three-month  drought,  then  experi¬ 
enced  two  of  the  worst  typhoons  in  80  years, 
Vera  and  Thelma. 


TABLE  4>$.  SUKKAAY  OT  ITWC  MARKUPS 

T9S9-T977. 

WESTERN 

NORTH  PACIFIC 

NORTH 

im^<\  p»AN 

CENTRAL 
NORTH  PACIFIC 

197? 

AVERAGE 

19S9-76 

1977 

AVERAGE 

1971-76* 

1977 

AVERAGE 

li7T.76 

TOTAL  NUMBER 

OF  UARNINCS 

492 

679 

44 

26 

0 

3S 

CALEMOAR  DAYS  OF  VARXIN6S 

124 

142 

21 

16 

0 

10 

MUNBER  Of  HARMING  DAYS 

WITH  THD  CYCLONES 

12 

48 

S 

1 

0 

1 

NUMBER  Of  WARNING  DAYS 

WITH  THREE  OR  MORE  CYCLONES 

0 

9 

0 

0 

0 

0 

TRORICAl  DEPRESSIONS 

2 

5 

- 

0 

1 

TROPICAL  STORMS 

B 

11 

- 

- 

0 

1 

TYPHOONS/HURRICANES 

11 

19 

0 

1 

I.O.  TROPICAL  CYCLONES 

- 

- 

$ 

4 

TOTAL  TROPICAL  CYCLONES 

21 

14 

5 

4 

0 

3 
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SARAH 


The  first  typhoon  of  the  1977  season  did 
not  occur  until  mid-July.  Meteorological 
satellite  data  on  the  morning  of  July  13th 
showed  an  area  of  convection  some  225  nm 
(417  km)  east  of  Koror  (WMO  91408)  in  the 
Palau  Islands.  This  tropical  disturbance 
meandered  on  a  10  kt  (19  km/hr) ,  westward 
track  and  crossed  Koror  at  12002  on  the  14th. 
On  the  morning  of  the  15th,  the  system  exhib¬ 
ited  increased  organization  and  a  Tropical 
Cyclone  Formation  Alert  was  issued  at  OOOOZ. 
Simultaneously,  the  disturbance  took  a  more 
climatological,  west -northwestward  track  and 
showed  evidence  of  possessing  multiple  circu¬ 
lation  centers. 

During  the  16th,  satellite  data  hinted 
that  the  western-most  circulation  center  was 
becoming  the  dominant  one.  Reconnaissance 
aircraft  refuted  this  however,  and  fixed  the 
primary  center  approximately  200  nm  (370  km) 
east  of  the  satellite  positions.  At  0943Z 
aircraft  observed  38  kt  (20  m/sec)  winds  at 
700  mb  and  estimated  surface  winds  at  25  kt 
(13  m/sec).  Satellite  data  an  hour  later 
showed  that  convection  in  the  area  had,  in 
fact,  consolidated  around  the  aircraft-fixed 
circulation  center,  and  the  first  warning  on 
Tropical  Depression  (TD)  number  05  was  issued 
at  1200Z. 

By  the  evening  of  the  16th,  TD  05  had 
accelerated  to  17  kt  (31  km/hr) ,  and  satel¬ 
lite  data  illustrated  increased  organization. 
At  1800Z  the  depression  was  upgraded  to  Trop¬ 
ical  Storm  Sarah,  while  located  30  nm  (56  km) 
east  of  the  Philippine  island  of  Samar. 

During  the  subsequent  24  hours,  Sarah,  pos¬ 
sessing  40  kt  (21  m/sec)  intensity,  moved 
toward  Manila  at  13  kt  (24  km/hr)  on  a  west- 
northwest  to  northwest  heading  (Fig.  4-1). 

At  23552  on  the  17th,  Clark  AB  observed  a 
minimum  sea  level  pressure  of  997.3  mb;  winds 
were  from  the  northwest  at  12  kt  (6  m/sec). 
Within  two  hours  winds  at  the  Air  Base  had 
become  southerly.  Synoptic  reports  were  of 
great  value  during  this  period.  The  moun¬ 
tainous  terrain  prevented  aircraft  reconnais¬ 
sance  of  the  low  level  circulation  center, 
while  frictional  effects  weakened  and  disor¬ 
ganized  Sarah  making  satellite  positioning 
very  difficult. 

From  the  evening  of  the  16th  until  the 
morning  of  the  20th  upper  level  patterns  in 
Sarah's  environment  were  favorable  for  en¬ 
hancement  of  her  upper  level  outflow,  which 
would  normally  result  in  intensification. 

The  Tropical  Upper  Tropospheric  Trough  (TUTT) 
was  oriented  east-west,  north  of  her  and  was 
enhancing  outflow  in  the  north  semicircle; 
strongly  divergent  winds  south  of  the  trop¬ 
ical  storm  increased  outflow  to  the  south. 
While  over  land,  however,  Sarah  could  not 
intensify  since  the  latent  and  sensible  heat 
required  to  maintain  sufficient  thermal  and 
related  pressure  gradients  were  not  avail¬ 
able.  The  tropical  storm  entered  the  South 
China  Sea  on  the  afternoon  of  the  18th  and 
immediately  began  to  intensify. 

On  the  evening  of  the  19th,  a  mid-tropo- 
spheric  low  over  south  central  China  deepened 
and  weakened  the  subtropical  ridge  north  of 
Sarah;  she  responded  and  turned  to  the  north¬ 
west;  toward  Hainan  Island,  still  intensi¬ 


fying.  Sarah  was  upgraded  to  a  typhoon  at 
1800Z  and  six  hours  later  reached  its  maximum 
intensity  of  75  kt  (39  m/sec).  At  2100Z  Hsi- 
Sha-Tao  (WMO  59981)  reported  sustained  winds 
(10  minute  average)  of  60  kt  (31  m/sec)  from 
the  west-southwest  and  a  sea  level  pressure 
of  97  7.5  mb. 

Sarah  went  ashore  on  Hainan  Island  on 
the  evening  of  the  20th.  At  1200Z  Ch'iung- 
Hai  (19 . 3N- 110 . 5E)  reported  10  kt  (5  m/sec) 
winds  from  the  west  and  a  sea  level  pressure 
of  978.5  mb.  At  this  time  Sarah's  intensity 
was  estimated  to  be  70  kt  (36  m/sec).  Mean¬ 
while,  the  mid-level  low  over  China  had 
receded  toward  the  north  and  the  subtropical 
ridge  began  to  build  westward,  north  of  Sarah 
During  the  subsequent  six  hours,  the  typhoon 
slowed  to  8  kt  (15  km/hr)  and  took  a  westward 
course,  passing  north  of  the  central  mountain 
range  of  Hainan.  At  1800Z  Tan-Hsien  (19. SN- 
109. 6E)  was  near  the  center  when  it  reported 
15  kt  (8  m/sec)  winds  from  the  east-northeast 
and  a  sea  level  pressure  of  969.5  mb. 

Typhoon  Sarah  entered  the  Gulf  of  Tonkin 
on  the  morning  of  the  21st  with  an  estimated 
65  kt  (33  m/sec)  intensity.  The  typhoon 
accelerated  to  15  kt  (28  km/hr)  and  went 
ashore  near  Haiphong.  At  0600Z  on  the  21st, 
Kien-an  Phulien  (20. 8N-106 . 6E) ,  a  Haiphong 
suburb,  reported  north-northwesterly  winds  of 
30  kt  (15  m/sec)  and  a  sea  level  pressure  of 
986.9  mb.  Six  hours  later  these  values  had 
changed  to  30  kt  (15  m/sec)  from  the  south 
and  988.5  mb  with  pressure  rising  rapidly. 

The  final  warning  on  Sarah  was  issued  at 
1200Z  on  the  21st  as  she  was  dissipating  over 
the  Red  River  Valley,  northwest  of  Hanoi. 

Very  little  damage  occurred  during  Sarah's 
existence.  Only  Hanoi  Radio  reported  cases 
of  destruction  with  no  casualties. 


FIGURE  4-1.  SoAoh  cU  40  kt  (ZT  m/iec)  tnicnitti/ 
CAOntrig  nonth&aAteAn  ScunoK,  RP,  17  Jtily  !977,  0057Z 
(NOAA-5  tmageAy] 
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TYPHOON  THELMA 
BEST  TRACK  TC-06 
21 JUL  -  26  JUL  1977 
MAX  SFC  WIND  85  KTS 
MINIMUM  SLP  957  MBS 
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THELMA 


Thelma,  the  second  typhoon  of  the  1977 
season,  wrought  more  destruction  on  Taiwan 
than  any  event  since  World  War  II.  While 
Typhoon  Sarah  was  still  crossing  the  South 
China  Sea,  Thelma  was  detected  by  satellite 
on  the  morning  of  July  20th  as  a  tropical 
disturbance  in  the  central  Philippine  Sea. 

The  disturbance  continued  to  organize  during 
the  subsequent  24  hours,  and  the  first  warn¬ 
ing  was  issued  on  TD  06  at  OOOOZ  on  the  21st. 

Reconnaissance  aircraft  at  09182  on  the 
21st  found  flight  level  winds  of  SS  kt  (28 
m/sec),  a  central  pressure  of  993  mb,  and 
surface  winds  estimated  at  50  kt  (26  m/sec). 
Based  on  the  aircraft  data  and  corroborating 
satellite  data,  TD  06  was  upgraded  to  Trop¬ 
ical  Storm  Thelma  at  1200Z.  During  the  fol¬ 
lowing  30  hours,  Thelma  continued  to  inten¬ 
sify  at  a  rate  of  5  kt  (2,6  m/sec^  per  6 
hours.  At  20502  on  the  22nd,  aircraft  fixed 
the  tropical  storm  255  nm  (472  km)  northeast 
of  Manila,  and  observed  60  kt  (31  m/sec) 
winds  at  its  700  mb  flight  level.  The  air¬ 
craft  further  indicated  that  the  central 
pressure  had  fallen  to  965  mb.  As  a  result 
of  those  observations,  the  system  was  up¬ 
graded  to  Typhoon  Thelma  at  OOOOZ  on  the  23rd. 

The  trigger  for  Thelma’s  intensification 
was  nearly  identical  to  that  of  Sarah's  a 
week  earlier.  Highly  efficient  outflow  chan¬ 
nels  were  provided  Thelma  by  intense  cyclonic 
cells  in  the  TUTT,  to  the  north,  and  by 
strongly  divergent  upper  level  northeaster- 
lies  over  Indonesia  and  the  South  China  Sea, 
to  the  south.  This  situation  lasted  from  the 
21st  to  the  24th  when  the  TUTT  receded  north¬ 
ward,  and  Thelma  ceased  her  intensification. 

The  typhoon  continued  to  move  northwest¬ 
ward  at  9  kt  (17  km/hr)  toward  the  southern 
periphery  of  the  mid- tropospheric  subtropical 
ridge.  On  the  evening  of  the  23rd,  the  storm 
entered  the  Bashi  Channel,  passing  10  nm  (19 
km)  northeast  of  Escarpada  Point  on  north¬ 
eastern  Luzon.  At  this  time  the  Kakuho  Maru 
reported  80  kt  (41  m/sec)  winds  and  20  ft 
(6  m)  seas  just  northwest  of  the  center. 

Since  the  time  of  Thelma's  development, 
the  mid-tropospheric  subtropical  ridge  had 
been  intense  over  the  western  Pacific  and 
extended  well  into  China.  By  12002  on  the 
23rd,  geopotential  heights  at  the  500  mb 
level  began  to  fall  over  northern  China  as  a 
low  developed  over  eastern  Monogolia  and 
deepened  rapidly.  On  the  morning  of  the  24th, 
the  subtropical  ridge  north  of  the  tropical 
system  showed  signs  of  weakening. 

During  the  evening  of  the  24th,  recon¬ 
naissance  aircraft  positioned  Thelma  145  nm 
(269  km)  south-southwest  of  Kao-hsiung,  which 
indicated  that  the  storm  was  beginning  to 
move  northward.  At  this  time  the  typhoon 
attained  its  maximum  intensity  of  85  kt  (44 
m/sec)  with  a  minimum  pressure  of  957  mb,  and 
slowed  to  6  kt  (11  km/hr).  At  18002  the 
passenger  liner.  President  McKinley,  reported 
45  kt  (23  m/sec)  winds  and  20  ft  (6  m)  seas 
while  some  70  nm  (130  km)  northeast  of  the 
eye . 

On  the  morning  of  the  25th,  radar  data 


showed  that  Thelma  had  turned  toward  the 
north-northeast  and  had  accelerated  to  10  kt 
(19  kra/hr) .  h'hen  satellite  confirmed  the 
radar  movement,  the  2418002  warning  was 
amended  to  reflect  the  system's  impending 
threat  to  southern  Taiwan.  During  early 
afternoon  of  the  25th,  Thelma  crashed  into 
Kao-hsiung  harbor  (Fig.  4-2).  The  Chinese 
Weather  Central  reported  that  Kao-hsiung  (WMO 
46744)  observed  86  kt  (44  m/sec)  peak  winds 
accompanied  by  a  991.5  mb  pressure  minimum  at 
250939  local.  Satellite,  aircraft,  radar, 
and  synoptic  data  all  indicated  that  the 
typhoon  was  small,  but  very  intense.  Most 
damage  was  confined  to  the  direct  path  of 
Typhoon  Thelma  as  the  central  mountain  range 
of  Taiwan  drastically  weakened  the  peripheral 
winds  east  of  the  typhoon's  track. 

After  moving  across  southwestern-Taiwan , 
Thelma  began  to  weaken,  and  move  on  a  track 
slightly  west  of  north.  On  the  evening  of 
the  25th,  Thelma  entered  the  Taiwan  Straits, 
and  on  the  following  morning  went  ashore  on 
mainland  China,  30  nm  (56  km)  north  of  Fu- 
Chou  with  50  kt  (26  m/sec)  winds. 

During  her  rampage  over  Taiwan,  Thelma 
claimed  more  than  30  lives,  injured  thou¬ 
sands,  and  rendered  an  estimated  5,000  home¬ 
less.  The  typhoon  ripped  down  53  steel 
towers  supporting  high-tension  power  lines. 
The  loss  of  power  shut  down  more  than  one- 
half  of  the  island's  45,000  factories. 
Taiwan's  largest  harbor  at  Kao-hsiung  was 
virtually  destroyed.  All  eight  giant  cranes 
used  to  load  and  unload  cargo  were  badly 
damaged  or  destroyed.  At  least  17  ships  cap¬ 
sized  in  the  harbor.  In  her  few  short  hours 
over  southern  Taiwan,  Thelma  left  destruction 
amounting  to  several  millions  of  dollars 
(U.S.).  According  to  the  Central  Weather 
Bureau  of  Taiwan,  Typhoon  Thelma  was  the  most 
destructive  tropical  cyclone  to  hit  Taiwan 
in  more  than  80  years. 


FIGURE  4-2.  Typhoon  TheJbna  tyvteALng  iouthozitMn 
Taiwan  with  an  SO  kt  (41  m/ieci  IxteMity,  25  July 
ion ,  02451.  IPMSP  Imagzfiy) 
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A  tropical  disturbance,  north  of  the 
climatologically  favored  area,  was  first  evi¬ 
dent  on  satellite  imagery  and  JTWC's  synoptic 
gradient  level  analysis  at  260000Z  July  77 
with  a  cyclonic  surface  circulation  center 
near  25 . 5N-133 . 6E.  Exhibiting  westward  move¬ 
ment  over  the  next  24  hour  period,  the  dis¬ 
turbance  gained  organization  and  potential 
for  significant  development.  At  270500Z,  a 
formation  alert  was  issued.  By  271800Z  the 
surface  circulation  reflected  30  kt  (15  m/ 
sec)  of  wind  at  the  surface  and  JTWC's  ini¬ 
tial  warning  on  the  system  as  Tropical 
Depression  07  (TD  07)  was  issued  at  280000Z. 
Subsequent  post-storm  analysis  revealed  that 
TD  07  had  reached  35  kt  (18  m/sec)  intensity 
(minimum  tropical  storm  intensity)  by  initial 
warning  time. 

Beginning  as  far  back  as  220000Z,  a  low 
cell  imbedded  in  a  tropical  upper  tropo¬ 
spheric  trough  (TUTT)  had  formed  to  the 
northeast  of  TD  07 's  initial  warning  posi¬ 
tion.  Tracking  west  -  southwest ,  this  upper 
cell  was  centered  near  30.5N-131.0E  at 
260000Z.  The  TUTT,  now  nearly  east-west 
oriented,  continued  to  dig  toward  the  west 
and  at  the  same  time  an  upper  level  anti¬ 
cyclone  over  Korea/Japan  north  of  this  TUTT 
built  eastward.  The  200  mb  winds  at  stations 
along  the  east  coast  of  Japan  reflected  60-75 
kt  (31-39  m/sec)  out  of  the  north-northeast. 
By  271200Z  the  JUTT  cell  was  centered  near  _ 
27. 8N  133.se  with  strong  difluence  southeast 
of  the  cell  located  over  the  surface  distur¬ 
bance  (Fig.  4-3).  The  vertical  coupling  had 
thus  been  effected  and  the  necessary  condi¬ 
tions  for  tropical  cyclone  development  ful¬ 
filled. 


FIGURE  4-3.  VeAo.  at  baxelif  40  kt  12  J  m/ie.c]  tnteMlty 
ihouxing  itKong  cftjjfuence  aio{,t  to  the.  iouthexut  oi  a 
TUTT  loio,  2i  July  J977,  00392.  (NOAA-5  ImageAy] 


By  280000Z,  then,  TD  07  was  upgraded  to 
a  tropical  storm  and  named  Vera.  A  generally 
westward  track  (260°)  at  3  kt  (5.6  km/hr)  was 
observed.  Steering  at  this  point  seemed  to 
be  governed  by  the  easterly  flow  on  the 
southern  periphery  of  the  major  anticyclone 
over  Korea/Japan.  The  TUTT  low  also  moved 
westward.  By  291200Z  the  anticyclone  over 
Korea/Japan  began  to  build  toward  the  south¬ 
west  in  advance  of  Vera.  Therefore,  steering 
influences  were  reflected  in  the  observed 
west-southwest  (becoming  southwest)  track 
that  Vera  assumed.  As  she  proceeded  south- 
westward,  Vera  continued  to  intensify  attain¬ 
ing  65  kt  (34  m/sec)  by  291200Z.  From 
291200Z  to  291800Z  Vera  intensified  from  65 
to  90  kt  (34  to  46  m/sec)  proceeding  to  the 
southwest  at  9  kt  (17  km/hr).  Beyond  291800Z 
a  marked  decrease  in  forward  speed  was  noted 
(from  9  to  4  kt  [17  -to  7.4  km/hr])  as  the 
northeasterly  steering  at  upper  levels 
appeared  to  relax.  Simultaneously,  an  in¬ 
crease  in  intensity  occurred.  By  300600Z 
Vera  had  attained  winds  of  100  kt  (52  m/sec) 
and  satellite  imagery  tevealed  a  well-defined 
eye  (Fig.  4-4)  whi-le  reconnaissance  aircraft 
reported  100  kt  (52  m/sec)  at  the  700  mb 
flight  level.  By  301200Z  satellite  data 
showed  improved  outflow  channels  aloft  to  the 
west  and  north  and  fix  positions  from  radar, 
satellite,  and  aircraft  supported  a  more 
west-northwestward  track.. 


FIGURE  4-4.  Typhoon  Veta  200  vm  (370  fern)  eMt  oi 
Taluian  and  acceleAottng  nonthweitwatd. 
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Upon  making  her  turn  to  the  west-north- 
west,  it  became  evident  that  V^era  would 
likely  pass  directly  over  Iriomote-Jima  and 
just  to  the  south  of  Ishigaki -Jima.  Figure 
4-5  shows  the  one-hourly  surface  reports  from 
Ishigaki-Jima  (WMO  47978j  and  indicates  eye 
passage  south  of  the  island  between  302100Z 
and  302200Z.  Maximum  winds  reported  were 
from  the  southeast  at  103  kt  (53  ra/secj  at 
302200Z  (Fig.  4-6)  .  Minimum  pressure  re¬ 
ported  was  935.6  mb  at  302100Z.  As  Vera 


passed  south  of  Ishigaki-Jima,  her  speed  had 
increased  to  10  kt  (19  km/hr).  Post-analysis 
revealed  that  Vera  attained  her  maximum  inten¬ 
sity  of  110  kt  (57  m/sec)  by  310000Z  (Fig.  4- 
7}  and  decreased  in  intensity  slowly  there¬ 
after  as  she  approached  Taiwan  at  a  speed  of 
11  kt  (20  km/hr)  (Fig.  4-8).  Aircraft  recon¬ 
naissance  at  310850Z  verified  a  slight  inten¬ 
sity  decrease  as  low'  level  inflow  channels 
were  restricted  by  the  island  of  Taiwan. 


FIGURE  4-5.  HoivtZy  iu/ij(ace  Aynoptlc.  obieAvtvtCoru,  i>iom  l6lUgak.L-J.ima.  duaUng  poisagt  oi  Typhoon  Vzna. 


FIGURE  4-6.  Haa-Lien  aadoA  p>ie6e.rUatLon  oi  Typhoon 
VeAa  when  76hLgalU-JLma  wa6  Aecetutnq  maximum  6U6- 
tainzd  tuincU  103  kt  (53  mAec),  30  Juty  1977, 
2200Z.  {Vhotogaaph  c.ouAte6y  oi  tka  Centkat  UeatheA 
Bateau,  Taipet,  Taiwan,  Republic  0(5  Chtna, ) 


FIGURE  4-7.  Typhoon  VzAo.  at  maximum  110  kt  (57  m/iecl 
lnten6tty  and  ju6t  19  minatz6  a^td/i  the  aadoA  Lmagejuy 
in  Figate  4-6,  30  JuZy  1977,  2219Z.  (PMSP  image/iy) 


Landfall  on  the  island  of  Taiwan  occurred 
at  Keelung  (Chi -Lung)  at  the  mouth  of  the  Chi- 
Lung  Ho  River  basin.  Moving  at  11  kt  (20  km/ 
hr)  Vera  followed  the  river  basin  to  the 
west-southwest  toward  Taipei.  Keelung  re¬ 
corded  a  minimum  low  pressure  of  939.9  mb  at 
310930Z  and  a  total  rainfall  of  7.95  in  (202 
mm) .  Maximum  winds  recorded  at  the  Chinese 
Weather  Bureau  office  in  downtown  Keelung  were 
66.6  kt  (34  m/sec)  with  gusts  to  113  kt  (58 
m/sec)  at  311030Z.  In  Taipei,  a  minimum 
pressure  of  951.5  mb  was  recorded  at  311028Z 
with  total  rainfall  recorded  as  8.0  in  (203 
mm) .  Taipei  International  Airport  reported 
maximum  winds  of  64  kt  (33  m/sec)  with  gusts 
to  96  kt  (49  m/sec) .  Both  Keelung  and  Taipei 
established  new  records  in  observed  maximum 
wind  reports  with  Vera's  passage.  After  pass¬ 
ing  over  the  northeastern  part  of  Taipei 


city,  Vera  continued  on  a  nearly  westward 
track  and  emerged  in  the  Taiwan  Straits  just 
north  of  Hsin  Chu  at  3115002.  Vera  continued 
on  a  westward  track  at  11  kt  (20  km/hr)  and 
made  landfall  on  the  China  mainland  near  Ch ' 
uan-Chou  at  OlOlOOZ  August  with  an  intensity 
of  80  kt  (41  m/sec). 

Following  so  closely  after  Typhoon  Thel¬ 
ma,  which  had  wreaked  havoc  on  the  southern 
portion  of  Taiwan,  Typhoon  Vera  left  at  least 
25  dead  in  her  wake  and  vast  amounts  of  pro¬ 
perty  and  crop  damage.  Two  ships  sank,  10 
went  aground,  3  were  washed  away,  and  22  were 
damaged.  However,  with  timely  warnings  and 
the  occurrence  of  Thelma  two  weeks  prior, 
most  ships  diverted  and  rode  out  the  storm  in 
the  safety  of  the  open  sea. 


FIGURE  4-S.  Typhoon  Ve/ia  approaching  northern  TaMvan, 
30  July  1977,  235ZZ.  The  next  cyctone,  Troptcat  Storm 
lilanda,  li  ihown  at  development  stage  utith  30  kt  115  m/ 
sec)  winds  100  nm  IISS  fem)  south  oi  Jwo-Jlma. 

(NGAA-5  Imagery  {rom  FLEWEAFAC  Sultland,  MP) 


26 


to 


BABE 


During  August  1977,  no  typhoons  were 
observed.  The  JTWC  significant  Tropical 
Weather  Advisory  of  31  August  stated,  "the 
probability  is  that  the  remainder  of  1977 
should  see  an  increase  in  typhoon  activity". 
The  next  day,  1  September,  the  seedling  of 
the  year's  10th  tropical  cyclone  and  the  only 
super  typhoon  was  first  observed.  Babe  was  a 
very  challenging  storm  in  that  during  her 
lifetime  she  threatened  virtually  every  major 
DoD  facility  in  the  western  North  Pacific. 

Satellite  data  on  the  1st  at  01432  and 
OOOOZ  synoptic  data  indicated  a  weak  surface 
circulation  with  associated  convection  near 
7N-150E.  Based  on  this  data,  a  Tropical  Cy¬ 
clone  Formation  Alert  was  issued.  At  this 
time,  there  was  a  tropical  upper  tropospheric 
trough  (TUTTj  present  at  200  mb  to  the  North 
of  the  alert  area.  The  TUTT  maintained  its 
position  through  the  3rd  at  OOOOZ  and  the 
divergence  on  the  southern  side  of  the  TUTT 
aided  in  the  development  of  the  seedling  into 
Tropical  Depression  10  (TD  10). 

The  first  warning  on  TD  10  was  issued  on 
the  2nd  at  OOOOZ.  An  aircraft  fix  on  the  2nd 
at  0052 Z  estimated  the  maximum  surface  wind 
■to  be  40  kt  (21  m/sec).  On  the  following 
warning  {0600Z) ,  TD  10  was  upgraded  to  Trop¬ 
ical  Storm  Babe.  With  the  TUTT  circulation 
providing  fair  outflow  conditions  aloft.  Babe 
slowly  intensified  as  she  moved  westward 
across  the  warm  Philippine  Sea.  Babe  was 
being  steered  at  this  time  by  a  well  devel¬ 
oped  mid-tropospheric  subtropical  ridge  which 
extended  from  the  dateline  into  central  China. 
With  this  westward  movement  expected  to  con¬ 
tinue,  Babe  was  forecast  to  cross  the  Repub¬ 
lic  of  the  Philippines  and  pose  a  threat  to 
Subic  Bay  and  Clark  AB.  The  westward  move¬ 
ment  continued  until  the  Sth  at  OOOOZ  when 
signs  of  a  change  in  direction  of  movement 
first  appeared.  Between  the  2nd  and  the  4th, 
Babe  had  an  average  speed  of  14  kt  (25  km/hr). 
By  the  4th  at  1200Z,  the  speed  had  dropped  to 
8  kt  (14  km/hr) ,  further  dropping  to  5  kt  (9 
km/hr)  in  the  following  12  hours. 

On  the  Sth  at  OOOOZ,  an  upper  air  trough 
in  the  mid- latitude  westerlies  appeared  over 
northeastern  .Asia.  A  weakness  in  the  sub¬ 
tropical  ridge  between  the  trough  and  Babe 
became  evident  and  increased  the  probability 
of  a  more  northerly  storm  track.  A  change  in 
Babe's  direction  of  movement  was  first  noted 
by  satellite  data  at  0S2155Z  (Fig.  4-9)  and 
confirmed  by  aircraft  reconnaissance  at 
0S2243Z. 

Taiwan,  which  was  still  recovering  from 
the  effects  of  earlier  typhoons,  Thelma  and 
Vera,  was  now  threatened  again.  Aircraft 
data  between  the  Sth  at  0832Z  and  the  7th  at 
2204Z  showed_Babe  to  have  undergone  rapid 
deepening  with  the  central  pressure  dropping 
from  988  mb  to  907  mb ,  a  rate  of  1.5  mb/hr. 
This  rapid  deepening  was  in  response  to  the 
divergent  southwesterly  flow  ahead  of  the 
strong  upper  air  trough  now  stretching  from 
east  of  Japan  into  central  Taiwan,  which 
provided  a  strong  outflow  channel  aloft. 

Babe  was  upgraded  to  a  typhoon  on  the  6th  at 
OOOOZ  and  a  super  typhoon  on  the  8th  at  OOOOZ 
(Fig.  4-10). 


FIGURE  4-9,  Babe,  at  mintmat  typhoon,  it/iength  and 
heading  noathuia/td,  5  Septembefi  1977,  2/55Z. 

IPMSP  imageny) 


FIGURE  4-10.  SupeA  Typhoon  Babe  at  130  kt  [67  m/iee) 
intenitty  250  nm  (463  fern)  ioutheoAt  o<  lAhigoiti  Jima, 
S  September  1977,  0303Z.  (PMSP  imageny) 
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up  until  the  080000Z  warning.  Babe  was 
still  forecast  to  cross  Taiwan  and  then  dis¬ 
sipate  in  mainland  China  prior  to  full  recur¬ 
vature.  On  the  7th  at  1200Z,  however, 
another  upper  air  trough  moved  into  northern 
China.  This  short  wave  additionally  weakened 
the  mid-tropospheric  ridge  over  southeastern 
China.  A  low  soon  developed  in  this  trough 
over  Korea  indicating  the  trough  would  move 
slowly  and  possibly  deepen.  This  increased 
the  probability  that  Babe  would  recurve  much 
earlier  than  expected.  This  came  to  pass  and 
as  Taiwan  was  relieved,  Okinawa  and  Japan  now 
faced  the  fury  of  Babe.  Aircraft  and  radar 
data  showed  Babe  began  recurvature  to  the 
northeast  after  the  8th  at  0600Z  and  while 
weakening  at  a  rate  of  5  kt/6  hr  (2.5  m/sec;). 
Conditions  of  readiness  were  set  for  southern 
Japan  and  aircraft  evacuated  Kadena  AB  for 
appropriate  "safe  haven"  locations  (Fig.  4- 
11). 


FIGURE  4-11.  Typhoon  Babe  at  120  kt  (62  m/ieel  tnten- 
itoeoty  weake/Ung  and  aecetoAoting  noAthiwid,  9 
SeptembeA  1977,  0245Z.  (PMSP  tmageiuj] 


During  Babe's  north-northeastward  tran¬ 
sit,  the  upper  air  low  which  had  formed  over 
Korea  moved  south-southwestward ,  deepened  and 
cut-off  from  the  main  upper  air  trough.  This 
allowed  ridging  to  the  east  and  northeast  of 


Babe  to  build  east-west  to  the  north  of  Babe 
and  the  cut-off  low  steering  Babe  toward 
Korea,  and  eventually  Shanghai.  Evidence  of 
a  Fujiwhara  type  effect  between  Babe's  circu¬ 
lation  and  the  cut-off  low  also  appeared. 

Babe  finally  steered  around  the  northern 
periphery  of  the  cut-off  low  and  hit  the 
People's  Republic  of  China  just  north  of 
Shanghai  on  the  11th  at  OOOOZ  with  surface 
winds  of  65  kt  (33  m/sec)  (Fig.  4-12). 

The  greatest  damage  from  super  typhoon 
Babe  occurred  after  she  recurved  and  headed 
for  Japan.  Newspaper  reports  described  Babe 
as  "the  worst  typhoon  to  threaten  Japan  in  18 
years”.  Babe  struck  the  Japanese  island  of 
Okino-Erabu  with  winds  of  135  kts  (69  m/sec) 
injuring  45  people  and  destroying  1600  homes. 
Kadena  AB  recorded  maximum  sustained  winds  of 
36  kt  (19  m/sec)  on  the  9th  and  a  peak  gust 
of  60  kt  (31  m/sec)  at  091328Z.  Babe  also 
disrupted  maritime  activities  sinking  a  Pana¬ 
manian  freighter  with  16  reported  dead  or 
missing  and  damaging  approximately  100  Japan¬ 
ese  fishing  vessels  which  sought  safety  in 
the  East  China  Sea. 

The  overall  forecast  accuracy  for  super 
typhoon  Babe  was  below  average.  However,  the 
DoD  operational  impact  was  decreased  by  the 
use  of  forecast  confidence  probabilities 
appended  to  JTWC  prognostic  discussion  bul¬ 
letins  and  the  many  telephone  conversations 
between  JTWC  and  WESTPAC  staff  meteorologists. 
This  was  confirmed  by  operations  staff  per¬ 
sonnel  at  the  1978  Tropical  Cyclone  Confer¬ 
ence. 


FIGURE  4-12.  Typhoon  Babe  da/Ung  ZandiatC  60  nm  (111 
km)  no/ith  0(5  Shanghai,  People' i  RepabtLe  oi  China,  11 
Septembe'i  1977,  01091.  The  mon6oon  t/wugh  extending 
iaom  the  Philippine  to  the  MatUana  Jilandi  mold  &oon 
apoHM  the  next  typhoon,  Dinah.  (HOAA-S  imagery  {/lom 
FLEWEAFAC  SuitZand,  MP) 
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DINAH 


Dinah,  the  5th  typhoon  of  1977,  dis¬ 
played  the  most  unusual  behavior.  While  over 
the  South  China  Sea,  the  storm  executed  two 
hairpin  turns  and  one  loop  before  meandering 
over  South  East  Asia  during  dissipation. 
Dinah's  development,  however,  was  a  more  nor¬ 
mal  sequence  of  events. 

"Super"  Typhoon  Babe's  extensive  circu¬ 
lation  system  aided  the  monsoon  trough  to 
move  north  of  its  normal  location.  After 
Babe  dissipated  over  eastern  China,  the  mon¬ 
soon  trough  extended  from  South  East  Asia  to 
the  Mariana  Islands  along  20  degrees  north 
latitude.  South  of  the  trough,  deep  south¬ 
westerly  flow  produced  localized  gale  force 
winds  and  extensive  areas  of  thundershower 
activity.  North  of  the  trough,  steady  east¬ 
erlies  prevailed.  Although  the  opposing 
currents  produced  considerable  cyclonic  shear 
and  relative  vorticity  within  the  trough,  the 
counter  productive  northeasterlies  in  the 
upper  troposphere  produced  enough  vertical 
shear  to  prevent  significant  tropical  cyclone 
development.  Meteorological  satellite  data 
during  this  2nd  week  of  September  period 
showed  several  loosely  organized  areas  of 
convection  within  the  monsoon  trough.  On  the 
12th,  synoptic  data  located  a  low  level  cir¬ 
culation  center  400  nm  (741  km)  north  of  Guam. 
Maximum  intensity  near  the  center  was  esti¬ 
mated  to  be  20  kt  (10  m/sec)  while  localized 
gale  force  winds  continued  within  the  south¬ 
west  monsoon  current  to  the  southern  and 
eastern  periphery  of  the  monsoon  trough. 
(Islanders  in  the  southwest  flow  could  not 
believe  there  was  not  a  tropical  storm  or 
typhoon  nearby.) 

The  circulation  center  initially  moved 
northwestward  at  an  average  speed  of  16  kt 
(30  km/hr).  Synoptic  reports  and  satellite 
imagery  revealed  a  tropical  upper-tropo¬ 
spheric  trough  (TUTT)  oriented  east -west  and 
just  north  of  the  position  of  the  low  to  mid¬ 
level  monsoon  trough.  By  1200Z  on  the  12th, 
a  westward  moving  cyclone  within  the  TUTT 
became  positioned  northeast  of  the  surface 
disturbance.  This  orientation  relieved  much 
of  the  previously  inhibiting  vertical  shear 
and  provided  an  area  of  divergence  aloft. 

This  new  flow  pattern  permitted  the  surface 
disturbance  greater  vertical  growth  and 
intensification.  Satellite  data  soon  iden¬ 
tified  a  distinct  vortex  which  separated  from 
the  areas  of  southwest  monsoon  cloudiness 
(Fig.  4-13).  At  OlOOZ  on  the  14th,  a  forma¬ 
tion  alert  was  issued.  The  disturbance  now 
moved  westward  as  it  entered  the  steering 
influence  of  an  anticyclone  over  the  East 
China  Sea.  Satellite  pictures  soon  showed 
larger  and  better  developed  banding  features. 
Since  corresponding  surface  reports  also 
indicated  intensification,  the  first  warning 
was  issued  for  TD  12.  Post  analysis,  however, 
found  that  the  disturbance  had  achieved  trop¬ 
ical  depression  intensity  by  131800Z  and 
tropical  storm  stage  by  140000Z  (Fig.  4-14). 
This  was  the  period  of  maximum  TUTT  inter¬ 
action.  Because  of  the  favorable  conditions 
present  during  this  time,  another  disturbance 
about  300  nm  (556  km)  north  of  Guam  developed 
into  Tropical  Storm  Emma. 


FIGURE  4-13.  TnjopicaZ  Vepiej.&Xjon  11  (Pfm/i)  Z2S  nm 
[411  femi  iouthu)e4t  of,  Im  Jima.  uifUZ&  breaking  atoag 
iAom  iXi  pEace  OjJ  ohJjgin,  the  monioon  tfiough,  1Z 
September  T977,  23101.  (NDAA-5  imageAij] 


FIGURE  4-14.  Vtnah  at  tAjoptcJil  ito/m  iiage  tyitzn- 
6tiytng  in  an  tntejieiting  iptit  conitgunation,  14 
September  7977,  0023Z.  Vtnah  appeal  to  be  compoied 
of  two,  coma-ihaped  convective  iyitem6  notating 
cyetonicaZty  with  a  nanAow  zone  o\  netative  6ubii- 
dence  between  them.  {hOAA-5  imageAy) 
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As  TD  12  grew  and  became  Tropical  Storm 
Dinah,  the  pressure  gradient  between  the 
storm  and  the  subtropical  ridge  increased. 

The  associated  easterly  steering  currents 
correspondingly  increased  and  accelerated 
Dinah  to  a  maximum  speed  of  19  kt  (35  km/hr). 
An  intensifying,  mid-tropospheric  high  over 
eastern  China  was  now  the  primary  source  of 
these  easterlies.  As  this  high  pressure  cell 
continued  to  build,  Dinah  was  steered  in  a 
southwesterly  direction  towards  the  Republic 
of  the  Philippines,  Forward  speed  decreased 
as  the  gradient  slackened.  Steady  intensi¬ 
fication  continued  as  upper  level  outflow  was 
well  established  in  all  quadrants.  This 
trend  persisted  until  Dinah  reached  minimum 
typhoon  strength  at  1S0600Z  just  100  nm  (185 
kmj  off  northern  Luzon.  With  a  maximum 
intensity  of  55  kt  (28  m/secj,  the  storm 
entered  Luzon  35  nm  (65  km}  south  of  Escar- 
pada  Point  at  1515002.  That  evening  Dinah 
passed  near  Tuguegarao,  a  station  in  north¬ 
eastern  Luzon  which  experienced  96  kt  (49  m/ 
sec}  peak  winds  and  a  mean  sea-level  pressure 
of  977.0  mb. 

Upon  entering  the  South  China  Sea  after 
7  hours  over  land,  Dinah  weakened  to  40  kt 
(21  m/sec},  but  quickly  reintensified  to  50 
kt  (26  m/sec}  winds  within  14  hours.  Headed 
west-southwestward ,  Dinah  entered  an  area  of 
weaker  steering  currents.  The  dominating 
anticyclone  over  China  was  beginning  to 
weaken  and  mid-latitude  westerlies  began 
extending  southward.  By  the  17th,  the  con¬ 
tinued  weakening  of  steering  currents  caused 
the  storm  to  slow  to  9  kt  (17  km/hr)  movement 

For  the  next  4  days ,  Dinah  exhibited 
unusual  behavior.  The  weakening  subtropical 
ridge  over  China  broke  down  into  a  series  of 
smaller  high  cells  while  the  southwest  mon¬ 
soon  deepened.  Caught  between  these  oscil¬ 
lating  and  opposing  steering  sources,  Dinah 
abruptly  turned  northeast  and  then  executed  a 
loop  during  the  17th.  As  the  southwest  mon¬ 
soon  strengthened  and  became  the  dominant 
steering  flow,  the  storm  was  directed  north¬ 
eastward  toward  Taiwan. 

Intensification  resumed  as  a  result  of 
the  enhanced  monsoon.  The  weakening  subtrop¬ 
ical  ridge  and  increasing  outflow  aloft  also 
contributed  to  Dinah's  growth.  By  181800Z, 
typhoon  strength  was  again  achieved.  After 
being  displaced  north  nearly  150  nm  (218  km} , 
movement  slowed  to  5  kt  (9  km/hr)  as  Dinah's 
steering  flow  became  less  effective.  By  the 
19th  an  advancing  mid-latitude  trough  over 
China  aided  in  steering  Dinah  eastward.  Sus¬ 
tained  winds  of  65  kt  (33  m/sec)  persisted  as 
satellite  imagery  at  191201Z  revealed  an  eye. 
At  200000Z,  Dinah  reached  a  short-lived  max¬ 
imum  intensity  of  75  kt  (39  m/sec}  (Fig.  4- 
15}.  Ever  since  Dinah's  origin,  the  south¬ 
west  monsoon  was  the  major  feeding  current. 

By  200600Z,  this  flow  was  being  diverted  into 
the  beginnings  of  Tropical  Storm  Freda  in  the 
Philippine  Sea  and  Dinah  began  to  weaken. 

As  the  mid- latitude  trough  advanced  over 
China,  it  did  not  dig  south  as  forecast  and  a 
large  high  pressure  area  built  in  behind  it. 
In  response,  Dinah  did  not  continue  eastward 
in  advance  of  the  trough;  it  slowed  to  2  kt 
(3.7  km/hr},  turned  westward,  then  southwest- 


ward  being  influenced  by  the  intensifying 
high  over  China.  Dinah  was  the  first  storm 
to  be  directly  affected  by  an  early  autumn 
surge  in  the  northeast  monsoon. 

The  northeasterlies  from  the  strong  high 
over  China  controlled  Dinah's  movement  for 
the  next  2  days.  Diminishing  moist  south- 
westerlies  and  increasing  dry  northeasterlies 
steadily  weakened  the  storm.  Dinah  accel¬ 
erated  southwestward  and  reached  south  Viet¬ 
nam  as  a  weak  tropical  depression  at  231700Z. 
JTWC's  last  warning  was  issued  one  hour  later 

After  landfall,  Dinah,  in  its  dissi¬ 
pating  stage,  persisted  for  4  days.  Tropical 
Storm  Freda  and  the  weakening  of  the  north¬ 
east  monsoon  were  the  controlling  agents  in 
the  last  days  of  Dinah's  unusual  track. 

After  crossing  the  South  China  Sea,  Freda 
entered  southern  China  drawing  the  southwest 
monsoon  northward.  Once  again  embedded  in  a 
southwest  steering  current,  TD  12  (Dinah} 
journeyed  northward  through  Cambodia,  north¬ 
eastward  over  the  Gulf  of  Tonkin  then  north¬ 
ward  into  southern  China  and  finally  dissi¬ 
pated. 

Dinah's  sweep  across  northern  Luzon 
caused  loss  of  lives  and  property.  Floods 
and  landslides  alone  caused  15  deaths  and  11 
missing.  Although  Dinah  remained  a  safe  dis¬ 
tance  from  mainland  China  while  jogging 
unpredictably  over  the  South  China  Sea,  Hong 
Kong  displayed  the  Stand  By  Signal  No.  1  for 
a  record  124  hours  and  40  minutes. 


FIGURE  4-J5.  Xn^AxzAed,  tht&shoZd  ptwtognaph  0(5 
Typhoon  V-irnh  at  maxZmam  intemZty  oi  75  kt  [39  m/ 
4ec),  19  September  1977,  23102.  Thti  6pe.(UaZ 
product  aoniottdatu  the.  thenml  Aange  tnto  iou/i 
iZicei  [gnjiy  6hadei]  laith  wfUte  being  eoZdeit  and 
black  loameit. 

Black:  cfieatcA  than  253°K;  dank  ffiay:  253°  to  233°K; 
li^  fftay:  233°  to  213°K;  white:  le6A  than  2  13°K. 
IVMSF  imagery  inom  Vet  5,  1WU,  Clank  A8,  RP) 
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GILDA 


On  the  1st  of  October,  a  large  area  of 
heavy  convection,  300  nm  (556  km)  in  diam¬ 
eter,  was  detected  by  satellite  approximately 
325  nm  (600  km)  north  of  Ponape.  Synoptic 
data  indicated  a  weak  surface  circulation  in 
the  vicinity.  The  system,  which  would  later 
become  Typhoon  Gilda,  was  observed  to  be  mov¬ 
ing  northward  toward  a  weakness  in  the  mid- 
tropospheric  subtropical  ridge. 

On  the  2nd  of  October,  a  Tropical  Cy¬ 
clone  Formation  Alert  was  issued  as  satellite 
data  indicated  increased  organization  and 
upper  level  outflow.  Further  intensification 
was  expected  due  to  the  existence  of  an  upper 
level  trough  to  the  northwest. 

Aircraft  reconnaissance  on  the  morning 
of  the  3rd  reported  38  kt  (20  m/sec)  winds  at 
the  1500  foot  (441  m)  flight  level.  Based  on 
this  data  and  the  assessed  good  potential  for 
further  intensification,  the  first  warning 
was  issued  on  TD  15  at  OOOOZ  on  the  3rd. 

For  the  next  18  hours  the  tropical  de¬ 
pression  moved  erratically  toward  the  north 
at  a  speed  of  5  kt  (9.3  km/hr).  During  the 
3rd,  the  mid-tropospheric  subtropical  ridge 
northeast  of  TD  15  began  to  build  toward  the 
west.  Late  on  the  3rd,  TD  15  responded  and 
began  to  move  toward  the  northwest.  Simul¬ 
taneously,  the  tropical  depression  began  to 
interact  with  a  cyclonic  cell  in  the  Tropical 
Upper  Tropospheric  Trough  (TUTT)  located  to 
the  depression's  northwest.  Divergent  south- 
westerlies  aloft,  on  the  southeast  periphery 
of  the  upper  level  cyclonic  cell,  enhanced 
the  outflow  of  TD  15  and  by  1800Z  on  the  3rd 
the  system  had  intensified  to  tropical  storm 
intensity. 

During  the  4th,  Tropical  Storm  Gilda 
continued  to  intensify  as  it  accelerated  to 
12  kt  (22  km/hr)  on  its  northwestward  track. 
Reconnaissance  aircraft  on  the  afternoon  of 
the  Sth  indicated  80  kt  (41  m/sec)  winds  at 
its  700  mb  flight  level,  and  observed  that 
the  central  pressure  of  Gilda  had  fallen  to 
974  mb,  a  15  mb  drop  in  11.5  hours.  Using 
this  information,  Gilda  was  upgraded  to  ty¬ 
phoon  at  0600Z. 

During  the  past  36  hours,  a  mid-tropo¬ 
spheric,  short  wave  trough  moved  eastward 
from  eastern  China  toward  Japan,  and  began  to 
deepen.  By  the  5th  this  trough  had  moved  east 
of  northern  Japan,  and  had  dug  sufficiently 
equatorward  to  sever  the  subtropical  ridge 
north  of  Gilda.  By  the  afternoon  of  the  6th, 
the  typhoon  had  acquired  a  north -northwestward 
track  toward  the  weakness  in  the  ridge.  At 
0622Z,  aircraft  reconnaissance  showed  that  the 
central  pressure  had  risen  to  986  mb.  Conse¬ 
quently,  the  0600Z  warning  was  amended  and 
Gilda  was  downgraded  to  a  Tropical  Storm.  The 
weakening,  however,  was  short  lived;  24  hours 
later  she  had  again  attained  typhoon  inten¬ 
sity.  At  1500Z  on  the  7th  Gilda  passed 
through  the  weakness  in  the  subtropical  ridge 
and  shortly  thereafter  began  recurving  toward 
the  north-northeast.  As  frequently  observed 
with  October  tropical  cyclones,  Typhoon  Gilda 
continued  to  intensify  after  recurvature.  She 
attained  her  peak  intensity  of  70  kt  (36  m/ 
sec)  on  the  8th  when  aircraft  at  032SZ  re¬ 
ported  the  typhoon's  minimum  sea  level  pres¬ 
sure  of  968  mb(Fig.  4-16). 


By  the  night  of  the  8th,  Gilda  had  again 
weakened  to  tropical  storm  strength,  and  had 
taken  a  northeast  heading  around  the  north¬ 
western  periphery  of  the  mid-tropospheric  high 
cell.  During  the  subsequent  36  hours,  the 
tropical  storm  accelerated  rapidly  toward  the 
east -northeast  and  weakened  at  a  rate  of  5  kt 
(2.6  m/sec)  per  6  hours.  On  the  morning  of 
the  10th,  Gilda  became  extratropical ,  moving 
toward  the  east -northeast  at  more  than  30  kt 
(55  kra/hr) . 

During  her  eight  day  span,  the  closest 
point  of  approach  to  land  was  220  nm  (407  km) 
when  she  passed  southwest  of  Marcus  Island  on 
the  evening  of  October  5th.  On  the  ocean, 
ships  stayed  well  away  from  Gilda 's  strong 
winds.  As  a  result,  Gilda  claimed  no  loss  of 
life  or  damage  to  property. 


FIGURE  4-16.  Tifphoon  Gilda.  at  maximum  intemity  Oj{ 
70  kt  (36  m/icc!  duAing  accuAuatuAe,  7  OctobeA  1977, 
2343Z.  [NDAA-5  imageAy  (aom  FIEWEAFAC  Suitland,  MP) 
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TYPHOON  IVY 
BEST  TRACK  TC-17 
21  OCT  -  27  OCT  1977 
MAX  SFC  WIND  90  KTS 
MINIMUM  SLP  945  MBS 
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IVY 


Ivy,  the  7th  typhoon  of  1977,  originated 
from  an  easterly  wave.  It  was  first  detected 
by  synoptic  data  moving  westward  over  the 
Marshall  Islands  on  the  14th  of  October. 

Within  24  hours  it  entered  an  area  of  in¬ 
creased  low  level  convergence  associated  with 
the  near  equatorial  trough  (NET),  intensified, 
and  developed  a  surface  circulation.  For  the 
next  8  days  it  remained  within  the  NET  before 
breaking  loose. 

The  development  of  Ivy  was  also  aided  by 
the  movement  of  Tropical  Storm  Harriet,  which 
was  also  embedded  in  the  NET.  TS  Harriet 
moved  northward  through  the  Philippine  Sea 
displacing  the  NET  northward.  This  northward 
shift  allowed  for  an  increase  in'  favorable 
conditions  for  intensification.  By  the  19th 
the  developing  cyclone  (Ivy)  was  receiving 
most  of  the  low  level,  southwesterly  flow 
that  was  previously  supplied  to  the  now  weak¬ 
ening  Harriet  (Fig.  4-17).  The  next  day 
satellite  data  indicated  that  the  distur¬ 
bance's  convective  activity  and  organization 
had  increased  while  surface  reports  indicated 
that  the  central  pressures  were  steadily 
falling.  JTWC,  therefore,  issued  a  formation 
alert  at  200126Z. 


Upper  tropospheric,  synoptic  data  from 
the  morning  of  the  21st  indicated  that  the 
outflow  pattern  above  the  alert  area  was  con¬ 
tinuing  to  strengthen.  An  aerial  reconnais¬ 
sance  investigation  on  the  afternoon  of  the 
21st  detected  an  organized  surface  cyclonic 
circulation  with  a  996  mb  central  pressure. 
Reconnaissance  data  further  indicated  that 
the  disturbance  was  moving  northward  just 
east  of  the  Mariana  Islands.  Along  with 
supportive  satellite  data,  the  first  warning 
on  TD  17  was  issued  at  210600Z. 

On  the  morning  of  the  20th,  TD  17  began 
moving  through  a  break  in  the  subtropical 
ridge  previously  opened  by  Harriet.  This  was 
also  an  area  of  weak  and  variable  steering 
currents.  From  the  morning  of  the  21st  to 
the  evening  of  the  22nd.  there  was  a  lack  of 
any  definitive,  middle  tropospheric  steering 
flow  which  resulted  in  the  erratic  movement 
of  the  storm.  For  36  hours  TD  17  meandered 
and  then  looped  before  heading  northeastward 
(Fig.  4-18). 

During  the  formative  stages  of  TD  17, 
upper  tropospheric,  synoptic  and  satellite 
data  indicated  the  presence  of  a  weak  trop¬ 
ical  upper  tropospheric  trough  (TUTT)  to  the 
northeast.  As  the  disturbance  reached  trop¬ 
ical  depression  intensity,  data  indicated 
that  a  low  in  the  TUTT  had  developed.  The 
establishment  of  the  TUTT  low  in  this. region 
allowed  for  an  increase  in  the  advection  of 
mass  away  from  the  storm.  This  allowed  for 
further  intensification  and  the  depression  to 
reach  tropical  storm  intensity  during  the 
course  of  its  loop.  Aircraft  reconnaissance 


FIGURE  4-77.  In^/uiAzd  photogAaph  of,  Ivy  in  the 
foAmatioe.  it^e  neoA.  Guam  uiUk  TAopicat  StoAm  HoAAiet 
at  maxAjnum  inteniity  of  55  kt  I2S  m/iec) ,  79  OctobeA 
7977,  7(774Z.  IVMSP.  imageAyj 


FIGURE  4-1 S.  InfAOAed  photogAaph  of  Ivy  with  40  kt 
(27  m/iec]  wtndi  eKecuting  a  cyctonic  loop,  12  OctobeA 
7977,  (7923Z.  (PMSP  imageAy) 
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on  the  21st  at  1S45Z  observed  a  maximum 
flight  level,  700  mb,  wind  of  38  kt  (20  m/ 
sec)  associated  with  the  storm.  Based  on 
this  data  TD  17  was  upgraded  to  Tropical 
Storm  Ivy  at  2118002. 

From  the  evening  of  the  22nd,  the  storm 
began  to  accelerate  and  move  northeastward 
in  response  to  an  eastward  moving  short-wave 
trough  in  the  mid-latitude  westerlies. 

During  this  period  the  TUTT  began  to  inten¬ 
sify.  This  created  an  upper  air  regime  which 
was  favorable  for  further  intensification. 

On  the  morning  of  the  24th  Ivy  reached  ty¬ 
phoon  intensity.  Reconnaissance  aircraft  at 
C341Z  recorded  a  central  pressure  of  967  mb 
and  observed  sustained,  700  mb  winds  of  75  kt 
(39  m/sec)  about  an  eye  30  nm  (56  km)  in 
diameter . 

After  reaching  typhoon  intensity.  Ivy 
continued  to  the  northeast.  This  movement 
caused  the  storm  to  pass  20  nm  northwest  of 
Marcus  Island  (WMO  47991)  at  241930Z.  Marcus 
reported  a  sustained  70  kt  (36  m/sec)  at 
1800Z  and  111  kt  (57  m/sec)  gusts  at  2100Z. 

As  Ivy  continued  northeastward,  further  in¬ 
tensification  took  place.  After  establish¬ 
ment  of  other  TUTT  lows  to  the  north  and 
south  of  the  storm,  a  maximum  strength  of  90 
kt  (46  m/sec)  was  reached  on  the  2Sth  (Fig. 
4-19).  New  aircraft  data  reported  a  well 
defined  eye  with  a  945  mb  central  pressure. 

Typhoon  Ivy  maintained  maximum  intensity 
for  12  hours.  The  continued  northward  dis¬ 
placement  was  due  to  the  increasing  influence 
of  a  quasi-stationary  upper-level  trough  east 
of  Japan.  This  also  caused  the  storm  to 
enter  a  cooler  environment  which  began  to 
degrade  Ivy  into  an  extratropical  system. 

As  a  result,  the  last  warning  was  issued  at 
261800Z.  Ivy  quickly  weakened  and  became 
extratropical  along  a  cold  front. 


FIGURE  4-19.  Typhoon  Ivy  diipiaying  a  uieZi  dt^inzd 
tye.  at  itk  maxtmm  tntzniity  oi  90  kt  {46  m/iec),  Z5 
October  1977,  01062.  (PMSP  tmageTiy) 
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Jean,  the  18th  tropical  cyclone  of  1977, 
established  two  season  records;  first,  as  the 
shortest-lived  typhoon  of  the  season  and 
second,  as  the  only  tropical  cyclone  of  1977 
for  which  a  formation  alert  was  not  issued 
prior  to  the  initial  warning.  Jean  was  first 
observed  on  satellite  imagery  as  a  weak  dis¬ 
turbance  located  some  200  nm  (371  km)  south¬ 
east  of  Kwajalein  Atoll  at  2128Z  on  the  24th 
of  October.  While  moving  northwestward  at  14 
kt  (26  km/hr)  ,  the  disturbance  was  included 
on  JTWC's  Significant  Tropical  Weather  Advi¬ 
sory  (ABEH  PGTW)  for  the  next  several  days. 
Located  downstream  of  an  upper  tropospheric 
trough  axis  in  a  difluent  area  aloft,  the 
disturbance  was  _in  a  favored  position  for 
development.  By  1200Z  on  the  27th,  an  upper 
tropospheric  outflow  center  (200  mb)  was  ana¬ 
lyzed  over  the  surface  position  further  sup¬ 
porting  development. 

Due  to  the  presence  of  a  ship  in  close 
proximity  to  the  cyclone,  the  initial  warning 
on  Tropical  Depression  18  was  issued  at  1200Z 
on  the  28th  with  an  intensity  of  30  kt  (15  m/ 
sec)  and  a  northwest  movement  at  14  kt  (26  km/ 
hr).  Satellite  data  over  the  next  6  to  12 
hours  indicated  an  intensity  increase  and  at 
1800Z  on  the  28th  the  depression  was  upgraded 
to  tropical  storm  status.  At  this  same  time, 
Jean  was  beginning  to  show  a  more  northward 
trend  and  had  slowed  appreciably  to  a  speed 
of  6  kt  (11  km/hr).  The  more  northward 
thence  north-northeastward  track  was  attri¬ 
buted  to  upper-  and  mid-tropospheric  level 
steering  influences  which  were  dominant  above 
the  easterly  steering  flow  near  the  surface 
and  in  the  lower  troposphere.  Because  the 
steering  currents  at  various  levels  were  not 
acting  in  conjunction,  a  slowing  trend  in 
forward  movement  was  noted. 

At  0513Z  on  the  29th,  reconnaissance 
aircraft  penetrated  the  storm  and  observed 
surface  winds  near  60  kt  (31  m/sec)  and  also 
reported  that  an  eye  was  beginning  to  form. 
Satellite  imagery  at  0905Z  on  the  29th  (Fig. 
4-20) ■ further  supported  the  aircraft's  ob¬ 
served  intensification;  consequently,  at 
1800Z  on  the  29th,  Jean  was  upgraded  to  a  ty¬ 
phoon.  Satellite  positioning  also  dictated  a 
more  north-northeastward  track.  Jean  main¬ 
tained  minimum  typhoon  intensity  for  the  next 
6  hours  through  the  300000Z  warning  thereby 
establishing  the  aforementioned  record  as  the 
shortest - 1 ived  typhoon  of  the  season. 

Post  analysis  revealed  that  beyond  the 
300000Z  position  Jean  began  to  react  to  the 
effects  of  very  strong  vertical  shear.  At 
the  surface  and  at  low- tropospheric  levels, 
steering  flow  was  strong  easterly  around  the 
southern  periphery  of  the  subtropical  ridge. 
Steering  flow  at  mid-  and  upper-tropospheric 
levels  was  strong  west-southwesterly.  Under 
this  hostile  regime,  Jean  began  to  weaken  and 
had  made  her  furthest  northeastward  incursion 
by  1200  on  the  30th  with  55  kt  (28  m/sec) 
intensity.  Satellite  data  on  the  30th  showed 
an  exposed  low-level  circulation  center  to 
the  west  of  the  area  of  major  convective 
activity.  Jean  began  to  weaken  rapidly  and 
move  west  and  then  west -northwest  in  response 
to  the  east/east-southeasterly  steering  at 
low  tropospheric  levels.  Figure  4-21  depicts 


FIGURE  4-20.  lajJ/auted  photognapk  o(  Jean  at  55  kt 
(2S  m/iecl  tntemtty  taaaktng  nonth-noatkeoituxuid,  29 
OctobeA.  1977,  09051.  (PHSP  tmageAg] 


FIGURE  4-2  J.  Exposed  lovi  ieuet  ctAcuZatton  Taop- 
tcat  StoAm  Jean  at  40  kt  121  m/iec]  tntemttg  dafUng 
mitwoAd  acceZeoatton,  31  OctobeA  1977,  01021. 

IPMSP  tmageAy] 
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the  low  level  circulation  center  with  the 
major  convection  sheared  off  to  the  east. 
Figure  4-22  is  a  graphic  depiction  of  Jean's 
passage  north  of  Marcus  Island  through  three- 
hourly  synoptic  reports. 

JTWC  issued  its  expected  final  warning 
on  TD  18  (formerly  Tropical  Storm  Jean)  at 
1200Z  on  the  31st  with  a  forecast  dissipation 
within  12  hours.  The  low  level  circulation 
was  closely  monitored  via  satellite  for  signs 
of  reintensification  for  the  next  24-36 
hours.  By  2323Z  on  the  1st  of  November,  the 
disturbance  began  to  show  an  improved  satel¬ 
lite  signature  with  an  increase  in  convective 
activity.  TD  18  was  reactivated  and  a  warn¬ 
ing  was  issued  at  OOOOZ  on  the  2nd  of 
November.  AT  this  time,  TD  18  began  meander¬ 
ing  northward  at  3  to  4  kt  (5.5  to  7.5  km/hr) 


and  showed  an  intensity  of  30  kt  (IS  m/sec). 
For  the  next  12  to  24  hours,  the  system 
executed  a  looping  movement  and  by  14S0Z  on 
the  2nd  satellite  data  again  showed  the 
effects  of  strong  vertical  shear  with  an 
exposed  low  level  circulation  again  visible 
to  the  west  of  the  main  convection.  Once 
sheared  off,  the  low  level  circulation 
responded  to  low  tropospheric,  northeasterly 
flow  around  the  southeastern  periphery  of  a 
large  anticyclone  centered  over  the  Sea  of 
Japan.  The  final  warning  was  issued  at 
031200Z  with  dissipation  forecast  by  031800Z. 
The  low  level  circulation  center  continued 
tracking  to  the  southwest  and  then  west- 
southwest  remaining  weak  and  visible  on 
satellite  imagery  until  0019Z  on  the  6th  of 
November. 


Time 

S  T  A  T  ION  N. 

FWC/JTWC  GUAM  ..,.,oocti 

977 

SIS 

31/03 

31/06 

31/09 

31/15. 

31/18_ 

SSI 

O 

1  ; 

o 

o 

o 

o 

o 

O  ' 

o 

0 

o 

47991  RJAM 
MARCUS 

^io49 

2  ^ 
•070 

g‘^~«949 

•09€> 

_ 

o 

o 

FIGURE  4-22.  ThLe.e.-houA£y  iynoptU  iuK^ac-e.  obiwationi  at  Uaacu6  Uland  dooms  the  poisage  oi  Jean. 


40 


KIM 


Kim,  the  9th  typhoon  of  the  season^  orag- 
inated  in  an  active  near- equatorial  trougfi 
(NET) ,  which  extended  through  the  western 
Marshall  Islands.  Weak  surface  circulations 
existed  within  this  trough  near  Ponape  and 
Kwajalein.  During  the  2nd  of  November,  this 
activity  had  consolidated  into  a  single  sur¬ 
face  circulation  100  nm  (185  km)  southwest  of 
Ponape  with  a  central  pressure  of  1007  mb. 

The  disturbance  began  moving  northwestward 
within  the  NET  at  approximately  6  kt  (11  km/ 
hr)  . 

At  21S5Z  on  the  3rd,  satellite  first 
fixed  the  disturbance  and  estimated  the  winds 
to  be  20  kt  (10  m/sec) .  A  circulation  center 
was  located  150  nm  (270  km)  northwest  of 
Ponape.  Kith  the  weekend  approaching,  a  for¬ 
mation  alert  was  issued  on  the  4th  as  satel¬ 
lite  and  synoptic  data  indicated  a  strengthen¬ 
ing  surface  circulation.  Aircraft  reconnais¬ 
sance  the  next  day  found  a  central  pressure 
of  1007  mb  and  estimated  a  maximum  surface 
wind  of  20  kt  (10  m/sec).  As  the  disturbance 
continued  northwestward  toward  a  broad,  rela¬ 
tive  weakness  in  the  strong  mid-tropospheric 
subtropical  ridge,  synoptic  and  satellite  data 
still  indicated  no  significant  development. 
Potential  for'  development  remained  fair  to 
good  and  the  formation  alert  was  therefore 
extended  for  24  hours.  A  second  aircraft 
investigation  on  the  6th  fixed  the  system  with 
a  1004  mb  central  pressure  and  maximum  surface 
winds  of  about  25  kt  (13  m/sec).  Kim’s  first 
warning  as  TD  19  was  issued  at  0600Z  on  the 
6th.  The  system  was  upgraded  to  Tropical 
Storm  Kim  just  12  hours  later. 

Kim  next  turned  toward  Guam  at  a  speed  of 
approximately  10  kt  (19  km/hr).  Slow  intensi¬ 
fication  occurred  during  the  next  48  hours  due 
to  the  dominating  presence  of  the  strong  sub¬ 
tropical  ridge  to  the  north.  A  short  wave 
trough  in  the  upper  tropospheric  westerlies 
also  hampered  rapid  development  by  restricting 
outflow  to  the  north  of  Rim.  However,  after 
the  trough  passed  by,  outflow  aloft  steadily 
strengthened.  A  deepening  long  wave  trough 
over  eastern  Asia  was  now  beginning  to  weaken 
the  subtropical  ridge  which  was  previously 
suppressing  Kim's  low  level  development. 
Satellite  data  at  080Z04Z  indicated  increased 
organization  (Fig.  4-23).  Kira  began  intensi¬ 
fying  at  the  rate  of  30  kt  (15  m/sec)  in  24 
hours  and  the  central  pressure  dropped  22  mb 
in  a  24  hour  period. 

Kim  passed  directly  over  Guam  on  8 
November  between  1020Z  and  1235Z  approaching 
Guam  from  the  east-southeast,  moving  westward 
over  the  island,  and  exiting  toward  the  west- 
northwest.  The  eye  entered  with  a  circular 
configuration  and  exited  with  an  elliptical 
configuration.  Figure  4-24  depicts  eye  pas¬ 
sage  as  seen  by  radar  while  Figure  4-25  dis¬ 
plays  the  barograph  trace  recorded  at  Andersen 
AFB,  Guam.  The  duration  of  the  eye  passage  over 
the  island  lasted  up  to  1  hour  and  10  minutes 
near  the  center  of  the  storm  track.  The  peak 
gust  recorded  was  77  kt  (40  m/sec)  on  Nimitz 
Hill.  The  greatest  damage  was  in  the  south¬ 
ern  end  of  the  island  where  22  homes  were 
damaged  or  destroyed  (Figs.  4-26  and  4-27). 
Fortunately,  no  lives  were  lost  on  Guam. 


FIGURE  4-2*-.  Kim  at  50  kt  (26  m/iet)  intimity,  hap- 
idty  intzMiiying ,  and  heading  (JoA  Guam,  S  NovembeA 
mi,  02042.  IDMSP  imagery] 


FIGURE  4-24.  KVi  WeatheA  SeAuice  nxuda/i  pae^entation 
0|{  Kim  at  60  kt  (31  m/iic]  int&niity  with  the  eye  oveA 
Guam,  i  UovembeA  7977,  appaoximatety  I730Z.  {Photo- 
gaaph  couatay  ojj  Vet  2,  IWWg,  Andeoien  AFB,  Guam.) 


FIGURE  4-25.  Repoodaction  o(  the  baaagaaph  tAace  ifiom 
Andemen  AFB,  Guam  duaing  eye  pa66age  oi  Kim.  The 
eentzA  pamed  appooximatety  S  nm  (75  fern)  iouth  0(S 
AndeAien  AFB. 
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FIGURE  4-27.  Attkough  damage  um  itCght  m  mo6t  oi  thz  .iitand,  Umatac.  VlUage.  on 
the.  ioathue^t  coait  did  not  iafie  io  mU.  IPhotogJiaph  couAteiy  oi  P.  J.  Ryan  oi 
the  Paciiic  Vaiiy  Hem .  1 
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Kim  was  upgraded  to  typhoon  strength  at 
2200  local  on  the  8th  just  after  exiting 
Guam.  For  the  next  48  hours  the  storm  con¬ 
tinued  to  intensify.  The  subtropical  ridge 
continued  to  slowly  weaken  throughout  this 
period,  but  it  maintained  sufficient  strength 
to  steer  Kim  in  a  west-northwestward  direc¬ 
tion.  Moving  at  approximately  15  kt  (28  km/ 
hr)  ,  Kim  advanced  toward  another  weakness  in 
the  ridge  located  between  two  subtropical 
high  pressure  cells.  As  the  tropospheric 
steering  flow  weakened,  forward  speed  de¬ 
creased  and  intensification  increased.  When 
Kim  was  nearest  this  weakness  within  the 
ridge,  she  attained  a  speed  minimum,  5  kt  (9 
km/hr) ,  and  an  intensity  maximum  of  125  kt 
(64  m/sec)  (Fig.  4-28). 

Kim  now  took  on  a  more  westward  track  as 
she  came  under  the  influence  of  the  next  sub¬ 
tropical  high  cell.  Kim  was  also  gradually 
approaching  a  deep,  quasi -stationary,  upper 
tropospheric  trough  over  Asia.  This  trough 
produced  strong  southwesterly  flow  which 
began  to  restrict  outflow  ahead  of  Kim  re¬ 
sulting  in  decreasing  intensity.  At  the  same 
time,  a  deepening  low  cell  in  the  Tropical 
Upper  Tropospheric  Trough  (TUTT)  was  slowly 
approaching  Kim  from  the  east.  This  low  cell 
eventually  came  in  position  to  enhance  upper 
level  outflow.  A  secondary  maximum  inten¬ 
sity,  120  kt  (62  m/sec),  was  achieved  from 
this  interaction. 

Kim  was  soon  headed  straight  for  central 
Luzon  (Fig.  4-29).  Landfall  occurred  on  the 
13th  causing  extensive  damage  on  the  coast¬ 
line  with  winds  of  115  kt  (59  m/sec).  The 
storm  passed  about  35  nm  (65  km)  north  of 
Manila  and  5  nm  (9  km)  south  of  Clark  AB. 

The  typhoon  exited  into  the  South  China 
Sea  7  hours  after  landfall  with  an  intensity 
of  65  kt  (33  m/sec).  This  amount  of  weaken¬ 
ing  is  in  good  agreement  with  the  latest 
climatological  studies  of  intense  typhoons 
crossing  Luzon.  Even  though  the  South  China 
Sea  still  had  warm  sea  surface  temperatures, 
Kim  never  reintensified  due  to  strong,  cool 
northeast  monsoon  flow  entraining  into  the 
storm  environment.  By  this  time  the  mid¬ 
latitude  westerlies  had  sufficiently  weakened 
the  subtropical  ridge  which  separated  Kim 
from  the  westerlies.  Rapidly  decelerating, 
Kim  turned  northward  in  response  to  the 
steady  southwesterly  steering  flow  being 
produced  by  an  approaching  upper  tropospheric 
trough.  Increased  upper  level  shearing  began 
the  storm's  extratropical  transformation. 
Turning  northward,  Kim  entered  deeper  west¬ 
erly  flow  and  was  accelerated  northeastward 
through  the  Bashi  Channel.  Kim  became  an 
extratropical  system  by  OOOOZ  on  the  17th 
and  merged  with  a  weak  frontal  system  east  of 
Taiwan . 

Kim  was  a  long-lived  storm  with  44  warn¬ 
ings  issued  during  a  12  day  period.  Guam 
sustained  moderate  property  damage  when  Kim 
crossed  the  island  as  a  strong  tropical 
storm.  Luzon,  however,  reported  55  drownings 
due  to  widespread  flooding.  In  Manila,  a 
fire  in  a  hotel,  caused  by  a  lighted  candle, 
during  the  height  of  the  storm  resulted  in  47 
deaths.  Minor  damage  occurred  at  Clark  AB 
with  a  roof  blown  from  a  school  building  and 
falling  trees  causing  other  damage.  One  ship 
was  reported  sunk  while  another  went  aground 
as  Kim  exited  into  the  South  China  Sea. 


FIGURE  4-2i.  IniAtViexl  photogJiaph  o{,  Typhoon  Kim  cot 
peak  inteniity  ol  125  kt  (64  m/iec) ,  10  Hovemben  1977, 
2)452.  (PMSP  imagzAyl 


FIGURE  4-29.  In^/iaAed  photograph  o^  Typhoon  Kim  with 
110  kt  157  m/4ec)  windi  about  20  hocM  before  tandfatZ 
on  the  Philippine  Jilands,  12  Nouember  1977,  22552. 
(PMSP  imagery  I 
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LUCY 


Lucy,  the  10th  typhoon,  was  in  most  re¬ 
spects  a  typical  winter  season  storm.  Devel¬ 
opment  was  difficult  and  near  the  equator 
while  recurvature  occurred  at  a  low  latitude. 
An  unusual  event  happened  during  the  devel¬ 
opment  stage  when  the  system  divided  into 
two  disturbances  and  then  recombined  2  days 
later. 

As  with  the  previous  typ‘'.oon  (Kim)  , 
Lucy's  birth  was  a  "double  vortice”  develop¬ 
ment  pattern  discussed  by  many  authors.  The 
earliest  accounts  of  tropical  storms  occur¬ 
ring  simultaneously  on  both  sides  of  the 
equator  are  described  in  a  book  "The  Law  of 
Storms"  by  Reid  (1849).  In  this  particular 
case  the  tropical  cyclone  in  the  Southern 
Hemisphere  near  equatorial  trough  (NET)  de¬ 
veloped  first  and  was  well  on  its  way  to 
maturity  before  Lucy  formed  in  the  Northern 
Hemisphere  NET.  The  expanding  circulation 
about  the  Southern  Hemisphere  TC  24-77 
(Steve)  strengthened  the  westerly  flow  along 
the  equator  increasing  the  horizontal  shear 
along  the  Northern  Hemisphere  NET  aiding  the 
development  of  Lucy  (Fig.  4-30).  On  the 
26th,  33  kt  (17  m/sec)  gradient  level  winds 
were  observed  at  Tarawa  (WMO  91610),  an 
island  about  75  nm  (139  km)  north  of  the 
equator.  Westerlies  extended  above  500  mb 
and  created  an  extensive  horizontal  wind 
shear  trough  north  of  the  equator.  Enough 
cyclonic  spin  was  imparted  over  the  Marshall 
Island  area  that  the  nearby  preexisting  dis¬ 
turbance  began  to  develop.  All  factors  for 
further  development  were  present  therefore, 
at  270600Z  a  Tropical  Cyclone  Formation 
Alert  was  issued. 

A  large  mid-tropospheric  anticyclone 
dominated  the  subtropical  western  Pacific  and 
concentrated  strong  trade  winds  north  of  the 
depression.  The  system  soon  began  acceler¬ 
ating  westward  as  it  neared  the  anticyclone's 
southern  domain.  Synoptic  data  indicated  an 
increase  in  circulation  size  and  satellite 
imagery  showed  better  organization.  Weather 


FIGURE  4-30.  "Voubte.  VofU.ic.ej,''.  Lucy  Ju,  ieen  xn  ken 
((o/tmotcue  itage  jji  the  tJofithefin  ilemcipheAe  NET  between 
KwcLjoleAn  and  UajuAo  lofUle  TC  24-77  ISteve)  Ls  nexvi 
matu/Uty  tn  the  Southern  HemLiphetie  NET,  25  NovembeA 
1977,  21  HZ.  (WOAA-5  tmagetiy) 


reconnaissance  aircraft  were  sent  in  to 
investigate  further.  Early  on  the  28th  air¬ 
craft  found  a  997  mb  surface  pressure  center 
with  30  kt  (IS  m/sec)  surface  winds  and  45  kt 
(23  m/sec)  flight  level  winds  at  1500  ft  (457 
m) .  JTWC  thus  issued  their  first  warning  on 
TD  20  at  280600Z.  Six  hours  later  the 
depression  crossed  the  southern  coast  of 
Ponape  (WMO  91348)  with  only  10  kt  (5  m/sec) 
sustained  and  25  kt  (13  m/sec)  gusts  re¬ 
ported.  These  unexpectedly  weak  surface 
winds  supported  prior  aircraft  reports  which 
observed  maximum  winds  at  flight  level,  not 
surface . 

On  the  29th  TD  20  split  into  two  distur¬ 
bances.  One  went  northwestward  and  the  other 
west-southwest  around  the  Truk  Islands  (Fig. 
4-31).  This  split  occurred  when  increasing 
amplitudes  in  the  mid-latitude  long  wave 
patterns  strengthened  the  subtropical,  mid- 
tropospheric  anticyclone  which  was  positioned 
north  of  TD  20.  The  pressure  gradient  be¬ 
tween  TD  20  and  the  high  pressure  cell  gener¬ 
ated  45  kt  (23  m/sec)  easterly  flow  a't  500 
mb.  The  resulting  intense,  horizontal  shear 
produced  enough  vorticity  to  induce  a  second¬ 
ary  circulation  system  just  north  of  TD  20. 

As  they  separated,  both  systems  weakened  as 
their  energy  sources  also  became  divided. 

Because  the  northern  system  was  gener¬ 
ated  in  the  mid-troposphere ,  it  was  .reflected 
on  the  surface  only  as  a  weak  depression. 
Infrared  satellite  imagery  identified  the 
northern  split  as  having  more  activity  at 
higher  levels.  Aircraft  and  synoptic  data 
indicated  better  organization  in  the  southern 
split.  The  northern  system  reached  a  maximum 
forward  speed  of  20  kt  (37  km/hr)  as  the  pres¬ 
sure  gradient  peaked.  This  rapid  movement 


FIGURE  4-31.  Lucy  dufUng  an  umaaoZ  ipUX  coniigu- 
natU-on  white  oven,  the  Canotine  T&tandi,  29  Novemben 
1977,2)252.  (VUSP  tmageny) 


placed  the  secondary  disturbance  well  ahead 
of  TD  20's  primary  circulation.  As  the  dual 
system  moved  westward  away  from  the  dominat¬ 
ing  influence  of  the  subtropical  high,  hori¬ 
zontal  shear  and  induced  vorticity  diminished. 
This  resulted  in  the  northern  system's  decel¬ 
eration  and  dissipation.  The  southern, 
primary,  system  soon  caught  up  to  and  absorbed 
the  remnants  of  the  northern  system  100  nm 
(185  km)  northwest  of  Woleai  Atoll.  By  OOOOZ 
on  the  1st  of  December,  TD  20  was  again  a 
single  system  with  the  same  intensity  as  it 
was  before  the  split. 

TD  20  now  began  heading  northwestward 
around  the  southwestern  periphery  of  the 
steering  anticyclone  toward  a  break  in  the 
subtropical  ridge.  Deceleration  and  intensi¬ 
fication  progressed  for  the  next  2  days.  TD 
20  became  Tropical  Storm  Lucy  at  010600Z. 
Aircraft  data,  however,  still  indicated  that 
the  storm  was  best  developed  in  the  middle 
layers.  This  was  again  evidenced  when  Lucy 
passed  25  nm  (46  km)  northwest  of  Yap  (WMO 
91413)  which  only  experienced  15  kt  (8  m/sec) 
sustained  surface  winds  and  a  sea-level  pres¬ 
sure  minimum  of  1001  mb. 

Continuing  northwestward,  Lucy  appeared 
to  be  heading  for  a  recurvature  path.  An  in¬ 
tense,  short-wave  trough  was  passing  north  of 
Lucy,  with  an  apparent  weakening  in  the  sub¬ 
tropical  ridge.  But  the  trough  quickly 
passed,  trailing  a  migratory  anticyclone  be¬ 
hind  and  Lucy  again  took  a  more  westward 
track.  Now  headed  for  the  Republic  of  the 
Philippines,  Lucy  attained  typhoon  Intensity 
at  020600Z  and  continued  to  deepen.  Synoptic 
and  satellite  data  showed  excellent  upper 


level  divergence  in  all  quadrants.  Aircraft 
reconnaissance  began  reporting  maximum  winds 
nearer  the  surface,  indicating  better  verti¬ 
cal  development.  By  this  time  Lucy  attained 
a  maximum  intensification  rate  of  20  kt  (10 
m/sec)  per  6  hours  and  satellite  data  re¬ 
vealed  a  large,  well  defined  eye  (Fig.  4-32). 

By  the  3rd  of  December,  Lucy  was  again 
heading  northwestward  as  a  strong  westerly 
trough  began  creating  another  weakness  in  the 
subtropical  ridge.  In  24  hours  the  ridge 
west  of  Lucy  had  completely  dissipated. 

Lucy's  easterly  steering  currents  rapidly 
w'eakened  under  increasing  pressure  from  the 
advancing  trough.  At  1800Z  on  the  3rd,  a  115 
kt  (59  ra/sec)  maximum  intensity  was  reached 
with  a  minimum  forward  speed  of  8  kt  (15  km/ 
hr).  Within  the  next  12  hours,  Lucy  recurved 
ahead  of  the  approaching  trough. 

The  storm  soon  became  completely  embed¬ 
ded  in  mid-latitude  westerly  flow  and  accel¬ 
erated  northeastward.  Lucy  was  downgraded  to 
tropical  storm  stage  48  hours  after  recurva¬ 
ture.  Upper  level  vertical  shear  and  low 
level  cool,  dry  entrainment  became  the  sig¬ 
nificant  factors  for  weakening.  Lucy  was 
eventually  steered  into  a  frontal  zone  and 
became  an  extratropical  wave  within  the 
boundary. 

The  last  warning  was  issued  at  071800Z. 
Lucy's  extratropical  transformation  extended 
over  several  days  since  both  polar  and  trop¬ 
ical  air  flows  converged  into  the  system. 

Lucy  traveled  eastward  as  a  weak  cyclone 
along  the  front  and  was  eventually  absorbed 
into  a  large,  winter  storm  system  over  the 
central  Pacific. 


FIGURE  4-32.  Typhoon  Lacy  uxWi  85  kt  [44  m/icc)  taincU 
and  undeAgoing  AapZd  deepening,  2  Vecembea  1977,  22I5Z. 
(DMSP  imageAy) 
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MARY 


Mary,  the  11th  and  final  typhoon  of  the 
year  moved  across  the  western  Pacific  for  IS 
days  and  covered  4002  nm  (7445  km) ,  the  sec¬ 
ond  longest  storm  on  record  for  distance 
traveled.  On  the  19th  of  December  satellite 
data  detected  a  tropical  disturbance  moving 
slowly  east-northeastward  near  9N-177K  where 
weak  steering  currents  existed.  Steering  was 
primarily  influenced  by  the  winter  season 
westerlies,  which  extended  far  into  the  sub¬ 
tropics.  During  the  next  few  hours,  satel¬ 
lite  data  indicated  slow  intensification 
while  a  well  defined  comma  shaped  cloud  was 
becoming  evident  (Fig.  4-33).  At  OOOOZ  on 
the  20th  a  formation  alert  was  issued.  Upper 
air  data  at  SOO  mb  indicated  that  a  strong 
mid-tropospheric  subtropical  ridge  had  formed 
to  the  west  of  the  disturbance.  At  the  same 
time  an  intense  mid-latitude  500  mb  trough 
was  approaching.  The  combined  effects  of 
this  trough  and  a  strong  anticyclone  above 
the  storm  produced  steady  upper  level  diver¬ 
gence  and  created  a  well  defined  outflow 
channel  to  the  north.  Further  intensifi¬ 
cation  appeared  likely  and  the  first  warning 
was  issued  on  TD  21  at  06002  on  the  20th. 
However,  for  the  next  24  hours,  the  system 
became  quasi-stationary  near  10N-179E  as  the 
westerlies  gradually  receded  northward. 

During  this  period  the  system  grew  to  trop¬ 
ical  storm  strength  as  GOES  imagery  indicated 
increased  outflow  to  the  north. 

Shortly  after  12002  on  the  21st,  the 
storm  began  to  accelerate  westward.  The  500 
mb  trough  to  the  north  had  moved  eastward 
with  a  ridge  now  developing  north  of  Mary. 
This  formation  imparted  westerly  steering 
flow  south  of  the  ridge  axis.  Mary  responded 
and  quickly  accelerated  to  12  kt  (22  km/hr). 
On  the  22nd  Mary  turned  toward  the  west- 
northwest  in  response  to  a  shallow  mid-lati¬ 
tude  trough  which  weakened  the  subtropical 


ridge  northwest  of  the  storm.  By  00002  on 
the  25rd  Mary  reached  typhoon  intensity  as 
satellite  data  indicated  continued  increase 
in  outflow  and  formation  of  an  eye.  Mary 
slowed  to  8  kt  (15  km/hr)  and  continued  mov¬ 
ing  west -northwest  for  the  next  30  hours 
while  intensifying  further. 

The  first  aircraft  reconnaissance  en¬ 
tered  the  storm  at  01152  on  the  24th  and 
reported  90  kt  (46  m/sec)  maximum  surface 
winds  and  75  kt  (39  m/sec)  winds  at  700  mb. 
Satellite  data  also  estimated  the  storm 
intensity  to  be  75  kt  (39  m/sec) .  About  five 
hours  later,  Mary  began  to  decelerate  while 
nearing  a  weakness  in  the  subtropical  ridge. 
Then  the  storm  turned  northward  and  appeared 
as  though  recurvature  was  beginning.  How¬ 
ever,  analysis  of  500  mb  synoptic  data  indi¬ 
cated  the  mid-latitude  westerlies  were  again 
receding.  The  subtropical  ridge  again  re¬ 
established  itself  and  Mary  responded  by 
looping  clockwise  and  was  subsequently  in¬ 
fluenced  by  the  northerly  flow  around  the 
eastern  edge  of  a  strong,  eastward  migrating 
anticyclone.  The  storm  now  moved  south- 
southwestward  at  5  kt  (9  km/hr) .  Satellite 
data  (Fig.  4-34)  indicated  Mary  had  continued 
to  intensify  and  at  03142  on  the  25th  air¬ 
craft  reconnaissance  indicated  a  central 
pressure  of  947  mb  with  maximum  sustained 
surface  winds  of  100  kt  (51  m/sec).  Just 
three  hours  later,  Utirik  Atoll  55  nm  (102 
km)  southeast  of  Mary,  recorded  winds  of  40 
kt  (21  m/sec). 

Mary  soon  began  to  accelerate  to  12  kt 
(22  km/hr)  towards  the  west-southwest  along 
the  southeastern  periphery  of  the  strength¬ 
ening  subtropical  high  cell.  The  resulting 
steering  flow  at  mid-levels  plus  rapid  move¬ 
ment  of  the  typhoon  were  expected  to  weaken 
Mary.  By  the  26th  satellite  data  indicated 


FIGURE  4-33.  Mat{/  diurtng  ^.rUtixit  deveZopmnt  neoA.  tkz 
dateZine.,  19  PecemfaeA.  1977,  21)02.  (NOAA-5  -imageAy] 
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FIGURE  4-34.  Typhoon  UoAy  darUng  execution  o^  a  Zoop 
6  kouAi  bejjo^e  cottaTjujig  a.  maxZmim  100  kt  (51  m/4ec) 
■intcni-iXy,  24  PecembeA  1977,  20492.  (GOES  -imageAy 
iAom  STSS,  HonoiuZu,  HI] 


Mary  had  indeed  weakened  and  Mary  was  down¬ 
graded  to  a  tropical  storm.  Aircraft  recon¬ 
naissance  at  0357Z  on  the  26th  confirmed 
corresponding  satellite  data  when  60  kt  (31 
m/sec)  surface  winds  were  observed. 

As  Mary  turned  westward  along  the  south¬ 
ern  boundary  of  the  subtropical  high  cell, 
the  storm  accelerated  to  19  kt  (35  km/hr) . 

By  the  28th  Mary  began  moving  west -northwest¬ 
ward  in  response  to  another  trough  induced 
weakness  in  the  subtropical  ridge;  Mary 
again  slowed  due  to  the  weaker  steering 
currents.  Satellite  data  once  again  indi¬ 
cated  intensification  (Fi-g.  4-35).  As  the 
trough  moved  rapidly  eastward,  the  subtrop¬ 
ical  ridge  again  strengthened  north  of  the 
storm  and  Mary  turned  west-southwestward  and 
began  to  weaken  for  the  second  time.  Accel¬ 
erating  steadily  Mary  attained  a  15  kt  (28 
km/hr)  forward  movement  and  continued  to 
weaken  as  development  became  restricted  by 
the  expanding  ridge. 

Mary  continued  her  westward  movement  for 
the  next  several  days.  Weakening  slowly,  the 
storm  was  downgraded  to  a  tropical  depression 
at  OOOOZ  on  the  1st  of  January.  The  system 
maintained  30  kt  (15  m/sec)  winds  until  mov¬ 
ing  over  the  central  Philippines  near  Leyte 
Gulf.  Satellite  data  indicated  rapid  dis¬ 
sipation  over  land  with  the  final  warning 
issued  at  1800Z  on  the  3rd.  Mary  turned 
sharply  southward  over  the  Philippines  when 
the  strong  northeast  monsoon  was  encountered, 
which  aided  rapid  dissipation. 

Although  Mary  was  not  the  longest  lived 
storm  on  record,  the  4002  nm  (7445  km)  dis¬ 
tance  traveled  was  the  second  longest.  What 
is  also  noteworthy  is  that  no  injuries  or 
major  damage  resulted  during  its  long  journey 
across  the  western  Pacific.  Mary  was  indeed 
a  fitting  end  to  a  most  unusual  tropical 
cyclone  year. 


FIGURE  4-35.  HoAy  at  50  kt  126  m/iec]  Znttn&lty  and 
6tou>ly  dzepzyUng  betuizen  Guam  and  TAuk,  2S  V&cembeA 
1977,  ZI36Z.  (PMSP  imagzAy] 


2.  NORTH  INDIAN  OCEAN  TROPICAL  CYCLONES 

During  1977,  there  were  five  tropical 
cyclones  in  the  North  Indian  Ocean  (Table  4- 
6) .  These  occurrences  were  cliraatologically 
consistent;  two  in  the  spring  and  three  in 
the  autumn.  However,  these  cyclones  persisted 
much  longer  and  were  more  intense  than  normal. 
TC  21-77,  for  example,  developed  in  the  Bay 


of  Bengal,  traversed  southern  India,  regen¬ 
erated  in  the  Arabian  Sea,  looped  while  reach¬ 
ing  typhoon  strength,  then  finally  dissipated 
over  southwestern  India  after  traveling  a 
total  of  1387  nm  (2570  km).  TC  22-77  was  the 
next  and  largest  cyclone  this  season.  It 
became  the  third  and  most  destructive  storm 
to  hit  India.  Because  of  its  strength  and 
devastating  impact,  TC  22-77  is  further  dis¬ 
cussed  in  the  followfing  individual  summary. 
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TC  22-77 


TC  22-77  was  the  most  devastating  storm 
in  the  Indian  Ocean  since  1971.  It  developed 
115  kt  (59  m/sec)  winds  and  inundated  South¬ 
eastern  India  with  heavy  rains  and  high  seas. 
TC  22-77  occurred  during  the  autumn  monsoon 
transition  period,  when  cyclone  development 
is  most  favorable,  and  became  the  only  storm 
to  attain  typhoon  strength  this  season  in  the 
Bay  of  Bengal. 

Meteorological  satellite  first  located 
TC  22-77  during  the  morning  of  the  14th  of 
November  as  a  weak  disturbance,  approximately 
150  nm  (278  km)  southwest  of  the  Nicobar 
Islands.  Five  hours  later  new  satellite  data 
revealed  better  defined  banding  which  indi¬ 
cated  increased  organization.  This  prompted 
the  issuance  of  a  formation  alert  the  same 
day  at  1310Z.  Heading  due  west  along  the 
southern  periphery  of  the  mid- tropospheric 
subtropical  ridge,  the  disturbance  quickly 
accelerated  to  13  kt  (24  km/hr),  while 
steadily  intensifying.  Later  satellite  and 
synoptic  data  supported  a  well  developed 
cyclone  of  about  40  kt  (21  m/sec).  At  08002 
on  the  ISth  the  first  warning  was  issued.  A 
post  analysis  showed  that  TC  22-77  was  rap¬ 
idly  developing  during  this  period. 

Ever  since  TC  22-77  was  first  detected, 
an  upper  tropospheric  trough  was  forming  over 
northern  India.  By  the  15th  this  trough  was 
firmly  established  and  extended  over  central 
India,  creating  a  break  in  the  subtropical 
ridge.  As  the  cyclone  neared  India,  it  began 
moving  northwestward  toward  the  trough  in¬ 
duced  break.  This  break  also  weakened  the 
mid-tropospheric  anticyclone  and  consequently 
reduced  the  storm's  steering  flow,  and  as  a 
result,  TC  22-77  steadily  slowed  to  a  4  kt 


(7  km/hr)  movement.  It  was  now  intensifying 
at  the  rate  of  30  kt  (15  m/sec)  per  24  hours, 
primarily  in  response  to  the  divergent  south¬ 
westerly  flow  produced  by  the  upper  level 
trough  above  the  approaching  cyclone.  TC  22- 
77  attained  typhoon  strength  by  the  afternoon 
of  the  15th,  and  by  06292  on  the  16th  satel¬ 
lite  data  revealed  an  eye. 

For  the  next  2  days,  TC  22-77  tracked 
north-northwestward  at  an  average  speed  of  9 
kt  (17  km/hr)  while  continuing  to'  strengthen. 
By  the  18th,  it  began  to  decelerate  and  was 
intensifying  10  kt  (5  m/sec)  each  day. 
Successive  satellite  pictures  showed  tighter 
banding  features  while  the  eye  became  more 
distinct  (Fig.  4-36).  Approximately  75  nm 
(140  km)  from  the  Indian  coast,  TC  22-77 
reached  a  maximum  intensity  of  115  kt  (59  m/ 
sec).  Just  prior  to  landfall,  TC  22-77 
accelerated  to  9  kt  (17  km/hr)  toward  the 
north-northwest.  At  11002  on  the  19th,  the 
storm  struck  with  sustained  winds  of  105  kt 
(54  m/sec)  and  an  18  ft  (5.5  m)  tidal  wave 
along  the  coast  of  Andhra  Pradesh  about  40 
nm  (75  km)  south  of  Vijayawada  (WMO  43181). 

TC  22-77  then  turned  northward  over  flat 
farm  lands  while  weakening  slowly,  and  the 
final  warning  was  issued  at  20002  on  the 
19th. 

The  combined  winds,  seas  and  rains 
generated  by  TC  22-77  killed  nearly  10,000 
people,  left  hundreds  of  thousands  homeless 
and  devastated  lands  that  produce  roughly  40 
per  cent  of  India's  food  grains.  The  tidal 
wave  was  probably  the  single  most  destruc¬ 
tive  force  accompamying  the  storm.  It  pene¬ 
trated  10  nm  (19  km)  inland  and  washed  away 
more  than  21  villages. 


FIGURE  4-36.  IninoAed  pkotog/iaph  o£  TC  22-77  at  maximum  tnteniity 
oi  175  kt  (59  ffl/iec),  18  NovembeA.  7977,  1618Z.  In  thz  AAobtati  Sea 
TC  27-77  rnith  65  kt  (33  m/4ec)  <«ouU  completing  a  loop  begone 
it/Uking  iouthmttSAn  India.  (NOAA-5  image/uj  inom  FIEWEAFAC 
SuUtland,  HP) 
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3.  CENTRAL  NORTH  PACIFIC  TROPICAL  CYCLONES 


No  tropical  cyclones  developed  over  the 
central  North  Pacific  during  1977  (Table  4-7). 


TABLE  4-7.  FREQUENCY  OF  CENTRAL  PACIFIC  STORMS  BY  MONTH  AND 
YEAR.  (NUMBER  IN  PARENTHESIS  INDICATE  STORMS 
REACHING  HURRICANE  INTENSITY) 
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CHAPTER  V  -  SUMMARY  OF  FORECAST  VERIFICATION  DATA 


1.  ANNUAL  FORECAST  VERIFICATION 

a.  POSITION  FORECAST  VERIFICATION 

Forecast  positions  at  initial  warn¬ 
ing  times  and  those  at  24-,  48-,  and  72-hour 
times  are  verified  against  the  best  track. 
Positions  for  dissipated  or  extrapolated 
storms  are  not  verified.  In  addition  to  the 
overall  verifications  depicted  in  Table  5-1, 
a  separate  verification  for  only  Pacific  Area 
typhoons  is  computed.  This  information  is 
listed  in  Table  5-2,  for  comparison  with 


previous  years.  This  same  information  is 
depicted  graphically  in  Figure  5-1.  A  compu 
tation  of  closest  distance  to  the  best  track 
(right  angle  error)  is  also  calculated. 

Right  angle  error,  graphically  depicted  in 
Figure  5-2,  is  a  measure  of  ability  to  fore¬ 
cast  the  path  of  motion  without  regard  to 
speed.  In  the  Indian  Ocean  Area,  no  72-hour 
forecasts  are  available  for  verification, 
and  no  attempt  is  made  to  segregate  storms 
by  intensity.  Error  statistics  for  this 
area  are  summarized  in  Tables  5-2  and  S-3 
and  Figure  5-3. 


T.V.LE  5 

1 .  JTWC  ANNUAL  AVERAGE  POSITION  FORECAST  1 

ERROR  FOR  TROPICAL  CYCLONES  1 

WESTERS 

NORTH 

PACIFIC** 

INDIAN 

OCEAN*** 

26-HR 

68-HR 

1950-58 

170 

_ 

— 

— 

— 

1959 

*117 

*267 

— 

— 

— 

1960 

177 

354 

- — 

— 

— 

1961 

136 

274 

» — 

— 

1962 

164 

287 

476 

— 

— 

1963 

127 

246 

374 

— 

— 

1964 

133 

284 

429 

— 

— 

1965 

151 

303 

418 

— 

— 

1966 

136 

280 

432 

— 

— - 

1967 

125 

276 

414 

— 

- — 

1968 

105 

229 

337 

— _ 

— - 

1969 

111 

237 

349 

1970 

98 

181 

272 

1971 

99 

203 

308 

220 

410 

1972 

116 

245 

382 

193 

233 

1973 

102 

193 

245 

203 

305 

1976 

116 

218 

351 

137 

238 

1975 

129 

279 

442 

145 

228 

1976 

117 

232 

336 

138 

204 

1977 

140 

266 

390 

122 

292 

1  *?0ReCAST  ?OSITIOtIS 

NORTH 

OF  35®K  WERE 

ROT  VERIFIED.  1 

■  **F0R  TYPHOOHS  OULT  WHILE  WINDS  OVER  35  KNOTS 

■ 

1974  DOES  NOT  INCLUDE  ARABIAN 

SEA 

TABLE  5-2.  1977  JTWC  ERROR  SUMMARY  FOR  THE  WESTERN  NORTH  PACIFIC 


WARNING _  _ 2A  HOUR _  _ 98  HOUR _  _ 72  HOUR 


POSIT 

RT  ANGLE 

FCST 

RT  ANGLE 

FCST 

RT  ANCLE 

FCST 

RT  ANGLE 

CYCLONE 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

1. 

TS  PATSY 

55 

36 

25 

108 

77 

17 

84 

54 

9 

163 

127 

9 

2. 

TO  02 

20 

10 

6 

167 

13 

2 

3. 

TS  RUTH 

19 

16 

14 

92 

72 

10 

298 

177 

6 

884 

447 

2 

4. 

TD  04 

46 

31 

6 

211 

70 

2 

5. 

TY  SARAH 

22 

12 

21 

119 

70 

17 

121 

83 

13 

129 

94 

8 

6. 

TY  THELMA 

16 

9 

21 

97 

58 

17 

200 

134 

13 

255 

157 

9 

7. 

TY  VERA 

14 

8 

18 

121 

72 

14 

174 

123 

10 

180 

162 

6 

8. 

TS  VTANDA 

27 

17 

17 

129 

84 

13 

278 

163 

9 

446 

235 

5 

9. 

TS  AMY 

38 

19 

16 

201 

51 

12 

446 

145 

8 

755 

285 

3 

10. 

STY  BABE 

17 

11 

36 

144 

95 

32 

279 

192 

28 

458 

324 

23 

11. 

TS  CARLA 

53 

26 

9 

112 

46 

5 

274 

33 

1 

12. 

TY  DINAH 

19 

13 

38 

159 

106 

34 

396 

254 

30 

613 

398 

25 

13. 

TS  EMMA 

32 

16 

21 

200 

105 

17 

365 

146 

13 

431 

185 

8 

14. 

TS  FREDA 

26 

14 

9 

220 

82 

5 

454 

146 

1 

15. 

TY  GILDA 

39 

22 

30 

130 

58 

26 

198 

86 

22 

295 

139 

18 

16. 

TS  HARRIET 

26 

13 

19 

198 

121 

15 

376 

197 

11 

757 

375 

7 

17. 

TY  IVY 

40 

22 

24 

186 

77 

20 

330 

167 

16 

40$ 

241 

12 

18. 

TY  JEAN 

27 

14 

20 

239 

144 

14 

489 

288 

8 

1007 

775 

1 

19, 

TY  KIM 

16 

10 

44 

111 

57 

40 

239 

129 

36 

327 

186 

32 

20. 

TY  LUCY 

33 

18 

39 

178 

97 

34 

330 

172 

30 

543 

255 

27 

21. 

TY  MARY 

34 

23 

59 

135 

86 

55 

256 

140 

47 

299 

132 

33 

ALL 

FORECASTS 

29 

17 

492 

148 

83 

401 

283 

157 

311 

407 

228 

228 

TYPHOONS  ONLY* 

22 

14 

301 

140 

80 

273 

266 

156 

232 

390 

232 

180 

»WHILE  WINDS  OVER  35  KNOTS 


56 


NM 

500 


FIGURE  5-1.  Mean  uectoA  evioA  ijoA.  th&  Paoc^ic  Afiea. 


FIGURE  5-2.  Mean  At gW  ongCe  caaoa  ^oa  .tfie  Paoc^tc  Aaca. 
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FIGURE  5-3.  Mea«  uccto>l  e/uioA  ^oa.  the.  Indian  Ocean  Aacaj 
nambcA  itoAmi  (  ). 


TABLE  5-3. 

1977  JTWC 

ERROR  SOMKARY  FOR 

THE  NORTH  INDIAN 

OCEAN 

•9 

WARNINGS 

24  HOUR 

48  HOUR 

POSIT 

RT  ANGLE 

t 

FCST 

RT  ANGLE 

# 

FCST 

RT  ANGLE 

# 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

TC  17-77 

31 

31 

4 

127 

122 

2 

__ 

TC  18-77 

21 

21 

6 

92 

85 

4 

270 

250 

2 

TC  19-77 

45 

44 

5 

77 

73 

3 

122 

68 

1 

TC  21-77 

41 

29 

19 

153 

108 

15 

371 

250 

11 

TC  22-77 

30 

29 

10 

96 

74 

8 

182 

161 

6 

ALL 

35 

30 

44 

122 

94 

32 

292 

214 

20 

b.  INTENSITY  FORECAST  VERIFICATION  lite  analysis  techniques  have  resulted  in  a 

low  initial  position  intensity  error  (4.8  kt) 
Intensity  verification  statistics  over  the  past  four  seasons.  This  in  turn  has 

for  tropical  cyclones  attaining  typhoon  contributed  to  smaller  24-,  48-,  and  72-hour 

intensity  are  depicted  in  Table  5-4.  Adher-  intensity  forecast  deviations  from  the  JTWC 

ence  to  a  standardized  pressure-height  versus  best  track, 

wind  speed  relationship  and  improved  satel- 


TABLE  5-4. 

JTWC  ANNUAL  AVERAGE  INTEHSm 

FORECAST  ERROR 

WESTERN  NORTH  PACIFIC* 

INDIAN 

OCEAN** 

WARNING 

WARNING 

POSITION 

24-HR 

48-HR 

72-HR 

POSITION 

24-HR 

4B-HR 

1971 

7 

16 

21 

24 

— 

_ 

_ 

1972 

9 

14 

20 

24 

13 

15 

12 

1973 

7 

16 

20 

28 

8 

15 

20 

1974 

4 

11 

15 

20 

0 

8 

18 

1975 

4 

13 

18 

20 

7 

14 

18 

1976 

5 

12 

19 

22 

5 

10 

15 

1977 

6 

13 

20 

23 

5 

8 

23 

AVERAGE 

6 

14 

19 

23 

6 

12 

18 

★FOR  TYPBOOHS  ONLY 

★*1971-1974 

DOES  NOT 

INCLUDE  ARABIAN 

SEA 
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2.  COMPARISON  OF  OBJECTIVE  TECHNIQUES 


c.  TESTING  AND  RESULTS 


a.  GENERAL 

Objective  techniques  have  been 
verified  annually  since  1967,  however,  year- 
to-year  modifications  and  improvements 
prevent  any  long  term  comparisons  of  the 
various  techniques.  The  analog  technique 
provides  three  movement  forecasts,  one  for 
straight  moving  storms,  one  for  recurving 
storms  and  one  combining  the  tracks  of 
straight,  recurving  and  other  storms  that  do 
not  meet  the  criteria  as  straight  or  recurving 
analogs.  However,  only  the  combined  is  listed 
for  verification.  The  analog  technique  also 
provides  an  intensity  forecast  for  each  warn¬ 
ing  position.  The  dynamic  objective  technique 
employs  the  steering  concept  of  a  point  vortex 
in  a  smoothed  large-scale  flow  field.,  A  new 
technique,  the  tropical  cyclone  model  exe¬ 
cutes  basic  equations  of  motion,  computes 
streamfunctions  and  displays  the  location  of 
minimum  streamfunction  center  every  six  hours 
to  72  hours.  An  intensity  forecast  scheme  is 
based  on  statistical  regression  equations  of 
analog  storms. 


It  is  of  interest  to  compare  the 
performance  of  the  objective  techniques  to 
each  other  and  to  the  official  forecast  as 
well.  This  information  is  listed  in  Table 
S-5  for  Pacific  typhoons  only  and  in  Table 
5-6  for  all  Pacific  forecasts. 

In  these  tables  "X-AXIS"  refers  to 
the  techniques  listed  horizontally  across  the 
top,  while  "Y-AXIS  refers  to  those  listed 
vertically.  As  a  matter  of  explanation,  the 
example  shown  in  Table  5-5  compares  TYFC  to 
TCM.  In  the  75  cases  available  for  compari¬ 
son,  the  average  24  hour  vector  error  for  TYFC 
was  136  nm,  while  that  for  TCM  was  128  nm. 

The  difference  of  8  nm  is  shown  in  the  lower 
right. 

Figure  5-4  compares  JTWC  intensity  fore¬ 
cast  errors  with  the  objective  technique 
forecast  errors.  Only  TYFC  (TYFN75  combined 
analog)  and  FCSTINT  intensity  forecasts  were 
verified  this  season.  All  forecasts  were 
verified  against  JTWC  best  track  intensities. 
The  number  of  cases  verified  were: 


b.  DESCRIPTION  OF  OBJECTIVE  TECHNIQUES 

(1)  TYFN75-Analog  program  which  scans 
history  tapes  for  storms  similar  (within  a 
specified  acceptance  envelope)  to  the  instant 
storm.  Three  24-,  48-,  and  72-hour  forecasts 
are  provided.  In  addition,  24-,  48-,  and  72- 
hour  intensity  forecasts  are  provided. 

(2)  MOHATT  700/ 500 -Steering  program 
which  advects  a  point  vortex  on  a  preselected 
analysis  or  smoothed  prognostic  fields  at  the 
designated  upper- levels  in  6-hour  time  steps 
through  72  hours.  Utilizing  the  previous  12- 
hour  history  position,  MOHATT  computes  the 
12-hour  forecast  error  and  applies  a  bias 
correction  to  the  forecast  position. 

(3)  TCM-Tropical  Cyclone  Forecast 
Model  is  coarse  mesh  (220  km) ,  with  the 
digitized  storm  warning  position  bogused  at 
850  mb  level  of  FNWC  Global  Band  Analysis 
utilizing  wind  and  temperature  fields. 

Boundary  conditions  permit  no  mass  transfer 
across  north  or  south  walls,  and  east/west 
boundaries  are  cyclical. 

(4)  FCSTINT- Intensity  forecast  pro¬ 
gram  which  utilizes  statistical  regression 
equations  to  provide  24-,  48-,  and  72-hour 
forecast  intensities. 

(5)  12-HR  EXTRAPOLATION -A  track 
through  current  warning  position  and  12-hour 
old  preliminary  best  track  position  is 
linearly  extrapolated  to  24  and  48  hours. 

(6)  HPAC-Mean  24  and  48  hour  fore¬ 
cast  positions  are  derived  by  averaging  the 
24  and  48  hour  positions  from  the  12-HR 
EXTRAPOLATION  track  and  a  track  based  on 
climatology. 

(7)  INJAH74-Analog  program  for  North 
Indian  Ocean.  Similar  to  TYFN75,  except 
tracks  are  not  segregated. 


FORECAST  24HR  48HR  72HR 

JTWC  401  311  228 

FCSTINT  312  246  182 

TYFC  293  234  172 

Statistics  are  only  available  for  the  Pacific 
area. 


FIGURE  5-4.  Conpiviiion  oi  -Lntzn&ity  (Jo/iecoit  zMjOU 
ioK  the.  Paei^e  afie/i. 
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TABLE  5-5.  1977  OBJECTIVE  TECHNIQUES  FOR  WESTERN  NORTH  PACIFIC  TYPHOONS  (ALL  FORECASTS) 


24-HOUR 

JTWC 

XTRP 

HPAC 

TCM 

TYFC 

MH70 

MH50 

JTWC 

303 

144 

144 

0 

XTRP 

289 

143 

289 

149 

Inumber 

1 

X-AXIS  1 

149 

6 

149 

0 

1  OF 

1 

TECHNIQUE  1 

j  CASES 

ERROR  j 

HPAC 

278 

142 

278 

147 

278 

141 

1 

1 

.  1 

141 

-0 

141 

-6 

141 

0 

j  Y-AXIS 

1 

1 

1 

ERROR  1 

TCM 

38 

138 

86 

137 

83 

132 

38  132 

1  TECHNIQUE 

1 

DIFFERENCE  | 

132 

-6 

132 

-5 

129 

-3 

132  0 

1  ERROR 

1 

Y-X  ! 

TYFC 

246 

145 

244 

152 

240 

143 

1  751128  i 

246 

147 

147 

2 

147 

-5 

147 

4 

las'”!"* 

147 

0 

MH70 

222 

141 

220 

144 

214 

136 

72  127 

197 

141 

222  162 

162 

21 

161 

17 

160 

25 

146  19 

160 

19 

162  0 

MH50 

189 

142 

187 

146 

182 

136 

67  127 

168 

142 

189  159 

189  154 

154 

12 

154 

8 

154 

18 

144  17 

158 

16 

154  -5 

154  0 

48-HOUR 

JTWC 

XTRP 

HPAC 

TCM 

TYFC  MH70  MH50 

JTWC 

253 

275 

275 

0 

i  JTWC-OFFICIAL  JTWC  SUBJECTIVE  FORECAST  \ 

1  XTRP-12-H0UR  EXTRAPOLATION 

XTRP 

2A2 

274 

242 

306 

j  HPAC-WEAN  OP  XTRP  AND  CLIMATOLOGY 

306 

33 

306 

0 

jTYFC-TYFN75  (WEIGHTED  CLIMO)  COMBINED 
IMH70-MOHATT  700-MB  PROG 

HPAC 

234 

270 

234 

302 

234 

265 

j  MH50-MOHATT  500-MB  PROG 

265 

-6 

265 

-38 

265 

0 

1  TCM- TROPICAL  CYCLONE  MODEL 

4 

TCM 

64 

304 

63 

317 

62 

280 

64  255 

255 

-49 

257 

-60 

256 

-25 

255  0 

TYFC 

207 

277 

206 

316 

204 

264 

56  245 

207  261 

261 

-16 

261 

-55 

258 

-6 

278  33 

261  0 

MH70 

188 

274 

187 

297 

182 

253 

52  236 

168  246  188  337 

337 

63 

337 

40 

335 

82 

321  86 

329  82  337  0 

MH50 

158 

276 

157 

300 

152 

253 

49  235 

142  245  158  333  158  322 

322 

46 

322 

22 

321 

66 

335  100 

324  79  322  -11  322  0 

72-HOUR 

JTWC 

TCM 

TYFC 

MH70 

MH5Q 

JTWC 

194  393 
393  0 

TCM 

38  509 
454  -56 

38  454 
454  0 

TYFC 

161  395 
363  32 

36  462 
445  -16 

162  362 
362  0 

MH70 

137  402 
561  160 

31  429 
557  128 

128  364 
561  197 

142 

564 

564 

0 

MH50 

121  40? 
525  119 

29  443 
594  151 

111  364 
527  163 

124 

520 

543 

-24 

126  520 
520  0 
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TABLE  5-6.  1977  OBJECTIVE  TECHNIQUES  FOR  ALL  WESTERN  NORTH  PACIFIC  FORECASTS 


24-HOUR 

JTWC 

XTRP 

HPAC 

TCM 

TYFC 

MH70 

MH5Q 

JTWC 

401 

148 

148 

0 

XTRP 

381 

148 

381 

155 

155 

8 

155 

0 

HPAC 

366 

146 

366 

154 

366 

149 

149 

3 

149 

5 

149 

0 

TCM 

99 

135 

97 

136 

93 

134 

99 

138 

138 

3 

139 

3 

137 

3 

138 

0 

TYFC 

317 

152 

315 

160 

310 

151 

32 

134 

317 

157 

157 

5 

157 

2 

157 

6 

138 

4 

157 

0 

MH70 

287 

145 

283 

152 

277 

146 

78 

138 

252 

152 

287 

167 

167 

22 

166 

15 

166 

20 

148 

11 

168 

16 

267 

0 

MH50 

245 

146 

241 

154 

236 

146 

73 

134 

217 

152 

243 

167 

245  163 

163 

17 

162 

8 

163 

17 

144 

10 

157 

15 

164 

-3 

163  0 

48-HOUR 

JTWC 

XTRP 

HPAC 

TCH 

TYFC  MH70  MH50 

JTWC 

311 

283 

1 JTWC-OFFICIAL  JTWC  SUBJECTIVE  FORECAST 

1 XTRP-12-H0UR  EXTRAPOLATION 

283 

0 

XTRP 

297 

282 

297 

318 

1  HPAC-MEAN  OF  XTRP  AND  CLIMATOLOGY 
}  TYFC-TYFN-TYFN75  (WEIGHTED  CLIMO)  COMBINED 

318 

36 

318 

0 

|MH70-M0HATT  700-MB  PROG 

HPAC 

288 

278 

288 

3U 

288 

276 

IMH50-MOHATT  500-MB  PROG 

276 

-2 

276 

-38 

276 

0 

I^TCM-TROPICAL  CYCLONE  MODEL 

J 

TCM 

70 

290 

69 

307 

68 

275 

70 

262 

262 

-27 

264 

-43 

263 

-12 

262 

0 

TYFC 

251 

286 

250 

326 

248 

277 

60 

251 

251  280 

280 

-6 

280 

-46 

278 

1 

274 

23 

280  0 

MH70 

231 

288 

229 

318 

224 

276 

55 

249 

204  275  231  352 

352 

64 

352 

34 

351 

76 

327 

77 

348  73  352  0 

MH50 

196 

290 

194 

323 

189 

277 

58 

247 

176  276  194  353  196  341 

341 

51 

340 

17 

340 

63 

336 

89 

342  66  343  -10  341  0 

72-HOUR 

JTWC 

TCM 

TYFC 

MH70 

MH50 

JTWC 

228  407 
407  0 

TCM 

39  505 
450  -56 

39  450 
450  0 

TYFC 

184  412 
392  -20 

37  457 
448  -9 

185  391 
391  0 

MH70 

156  421 
580  159 

32  425 
548  123 

146  394 
576  181 

162  583 
583  0 

MH50 

138  424 
555  131 

30  439 
590  151 

127  397 
553  156 

142  569 
551  -18 

144  551 
551  0 
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3.  EVALUATION  OF  THE  TROPICAL  CYCLONE 
MODEL  (TCM) 

a.  BACKGROUND 

A  primitive  equation  tropical  cyclone 
forecast  model  based  on  original  work  by 
Harrison  and  Elsberry  and  developed  by  the 
Naval  Environmental  Prediction  Research 
Facility  and  Fleet  Numerical  Weather  Central 
(FNWC)  was-  introduced  for  testing  during  the 
1976  tropica]  cyclone  season.  The  model  is  a 
four  level,  coarse  mesh  (horizontal  grid 
increment  nominally  200  km),  limited  area 
(28  grid  points  east-west,  20  grid  points 
north-south) ,  five  parameter  model  with  cy¬ 
clical  boundary  conditions  on  the  longitu¬ 
dinal  boundaries  and  no-flux  conditions  on 
the  latitudinal  boundaries.  Initial  condi¬ 
tions  are  provided  by  the  FNWC  Global  Band 
NVA  model.  No  interaction  with  large  scale 
models  occurs  during  the  forecast  period.  In 
August  1977,  a  "bias  input  vector"  based  on 
JTWC's  12  hour  direction  and  speed  of  move¬ 
ment  forecast  was  incorporated  in  an  effort 
to  improve  initial  movement  accuracy. 

During  1977,  the  TCM  was  operable  using 
the  OOOOZ  or  1200Z  data  bases  when  tropical 
cyclone  intensity  was  50  kts  or  greater.  The 
official  OOOOZ  and  1200Z  JTWC  warning  posi¬ 
tions  were  used  in  the  initialization  of  the 
TCM.  Final  TCM  output  was  received  at  JTWC 
approximately  10  1/2  hours  after  data  base 
time. 

b.  COMPARISON  OF  TCM  TO  BEST  TRACK 

Table  5-7  summarizes  the  mean  vector 
errors  of  the  TCM  24,  48  and  72  hour  forecast 
positions  as  compared  to  corresponding  best 
track  positions.  Sample  size  was  limited  by 
several  factors  including: 

1.  TCM  was  run  no  more  than  twice  daily 
and  only  when  tropical  cyclone  intensity  was 
greater  than  or  equal  to  50  kt. 

2.  A  low  number  of  storms  occurred  in 
WESTPAC  during  1977. 


3.  TCM  was  often  unable  to  track  a 
storm  to  72  hours,  therefore  output  was  not 
complete.  Reasons  included  model  boundary 
limitations  and  loss  of  clear  definition  of 
center  location  with  time. 

c.  TCM  VERSUS  JTWC 

Analysis  of  the  mean  vector  errors  of 
the  1977  tropical  cyclone  forecasts  revealed 
that  the  TCM  forecasts  beyond  24  hours  sig¬ 
nificantly  improved  upon  the  official  JTWC 
forecast  used  in  the  model  initialization. 
This  is  depicted  in  Figure  5-5  (TCM  vs.  JTWC, 
same  warning  time) . 

The  TCM  had  an  advantage  over  the  JTWC 
forecast  for  the  same  warning  time.  It  used 
the  JTWC  forecast  for  initialization,  then 
added  the  synoptic  data  (OOOOZ  or  1200Z) 
analysis  which  was  unavailable  to  JTWC  fore¬ 
casters  prior  to  warning  issuance. 

A  similar  comparison  was  made  between 
the  TCM  forecasts  and  the  official  JTWC  warn¬ 
ing  produced  after  receipt  of  the  TCM  output 
at  JTWC.  Both  forecasts  had  access  to  the 
same  data  base.  JTWC  also  had  the  TCM  out¬ 
put,  recent  fix  data  and  other  aids.  Figure 
5-5  portrays  the  JTWC  forecast  significantly 
improving  on  the  TCM  (same  data  base) . 

In  the  latter  comparison,  a  JTWC  OOOOZ  + 
24  hour  forecast  was  matched  against  the 
corresponding  TCM  1200Z  +  36  hour  forecast;  a 
JTWC  OOOOZ  +  48  hour  forecast  was  matched 
against  the  corresponding  TCM  1200Z  +  60  hour 
forecast.  A  match  was  not  possible  for  the 
JTWC  72  hour  forecast  since  the  TCM  did  not 
provide  output  beyond  72  hours. 

The  sample  size  was  insufficient  to 
determine  how  well  the  TCM  forecast  erratic 
movement  or  recurvature  versus  nonrecurvature. 

d.  CONCLUSION 

It  appears  that  use  of  the  TCM  as  an  aid 
to  the  official  JTWC  forecast  will  improve 
the  forecast.  More  stringent  testing  is 
planned  for  the  1978  tropical  cyclone  season. 


1  TABLE  5-7,  1977  TCM  24,  48, 

■  VECTOR  ERRORS 

AND  72  HOUR 

FORECAST  MEAN 

24  HR 

48  HR 

72  HR 

ALL  TROPICAL 
CYCLONES 

138  NM 

262  NM 

450  NM 

HO.  OF  CASES 

99 

70 

39 

TYPHOONS  ONLY 

132  NM 

255  NM 

454  NM 

NO.  OF  CASES 

88 

64 

38 

62 


60 


TCM  vs  JTWC 
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4.  PACIFIC  AREA  TROPICAL  STORM  AND  DEPRESSION  DATA 


TROPICAL  STORM  PATSY 
0600Z  23  MAR  TO  OOOOZ  31  MAR 
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ALL.  TOKECASTS 


WARNING 

24-MK 

4B-HR 

72-HH 

AVERAGE  F0RECAS1  ERROR 
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iobnh 

84NR 

163NM 

AVERAGE  RIGHT  ANGLE  ERROR 

36NH 

77NM 

S4NH 
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AVERAGE  magnitude  OF  HlNO  ERROR 

IIKTS 
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25 

17 

9 

9 

TROPICAL  DEPRESSION  02 
OOOOZ  26  HAY  TO  0600Z  27  MAY 


BESI  TRACK 

warning 
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FORECAST 

46 
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6 
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0 
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TROPICAL  STORM  RUTH 
0600Z  14  JUN  TO  1200Z  17  JUN 
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ii6.4e 

60 

16. 5N 

n6*6E 

60 

13 

0 

22.0N 

117. 7E 

i»5 

12 

10 

25.  5N 

119.5E 
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22.9N 

119.2E 

50 

65 

10 

2d.AN 

i22.0E 

45 

109 

20 

• 

l5i200Z 

20. IN 

117. OE 

55 

20.2N 

117. OE 

60 

6 

5 

23. 7N 

118.6E 
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23.3N 

IIS.IE 

40 

23. 2N 

116.3E 

55 

12 

15 
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TROPICAL  DEPRESSION  04 
OOOOZ  05  JUL  TO  0600Z  06  OUl 
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TROPICAL  STORM  WANDA 
06002  31  JUL  TO  0600Z  04  AUG 
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•A. 

1912002 

28. 2n 

137. 8E 

55 

28. 6N 

138.7E 

50 

53 

-5 

33.4N 

l49.bE 

40 

370 

0 

••••• 

AP. 

•  i. 

-A. 

1918002 

29.0N 

136. 8E 

50 

29. 3N 

138.7E 

50 

19 

0 

33«8N 

147.3E 

♦0 

221 

5 

— 

— 

— 

— 

— 

— 

2OO000Z 

29«5N 

139.6E 

45 

30.4N 

140. 4E 

50 

62 

5 

— 

.. 

2006002 

29.9N 

141.3E 

40 

30. ON 

140.9E 

50 

22 

10 

•- 

•• 

•- 

•• 

•  • 

•A. 

AP. 

2012002 

30. On 

143. 4E 

40 

30. IN 

l42.eE 

w5 

32 

5 

-- 

— 

•• 

•AP 

•  - 

— 

•• 

2018002 

30.2N 

146.3E 

35 

30. 6N 

J45.2E 

4S 

61 

10 

— 

— 

— 

— 

— 

— 

— 

— 

AVERAGE  forecast  ERROR 
AVERAGE  RIGHT  ANGLE  ERROR 
AVERAGE  HAGNITuPE  OF  trilNO  ERROR 
AVERAGE  RiAS  OF  wlNO  ERROR 
NUMBER  OF  FORECASTS 


ALL  fOMECASTS 
marring  24''HH  4B-HR 
26NM  IMRNM*  JTGNM 
13NM  121NM  )V7NH 
4MS  7KTS  lUKTS 
OKfS  3KT&  lOKfS 
19  15  11 


72-MR 

757HM 

375NR 

15KTS 

ISMS 
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5.  PACIFIC  AREA  TYPHOON  DATA 


TYPHOON  SARAH 

1200Z  16  OUL  TO  12002  21  JUL 


rest  THaCR 


WAKNiMG 


EPKUHS 


24  hour  H)R£CAST 

ERRORS 


4«  HOUR  FOHECASI 


t  fa.  nwwrx 


POSIT  WIND 

POSIT  1 

VINO 

DST 

WIND 

POSIT  WIND 

OST 

WIND 

POSIT  WIND 

DST  WIND 

P05U  1 

lbl20U2 

10, 5N 

12B.1E 

30 

10.4N 

128. 4E 

25 

19 

-5 

12.4N 

123. 6E 

35 

69 

-5 

14, 3N 

119. 2E 

45 

109  -S 

114. 6E 

109  -b 

11, 2N 

126.4E 

3b 

ll.ON 

127. 3E 

30 

54 

-5 

12. 8N 

122. 7E 

35 

93 

-b 

14, TN 

U8.0E 

45 

130  -5 

lA.bN 

ii3.3E 

bb 

74  -lb 

17U0002 

12.2n 

12S*2E 

40 

12. ON 

125.5E 

35 

21 

-5 

14, 9N 

119.bE 

35 

62 

-5 

1B.2N 

115. 2E 

4S 

6B  -5 

21. 4N 

1U.6E 

1 ?U6002 

13,1n 

I24.4E 

40 

12. BN 

124. 4t 

35 

IB 

-5 

IS.BN 

119. IE 

35 

34 

-10 

le.7N 

lt4.6£ 

50 

100  -5 

110. 7E 

30 

niiooi 

13,4N 

123. 2E 

40 

13.5N 

123. lE 

40 

B 

0 

IS.BN 

117. /E 

50 

35 

0 

1B,0N 

il3«3E 

55 

51  -5 

20.5N 

110. zC 

4b 

14. 2N 

I22.0E 

40 

13. 9N 

122..2E 

40 

21 

0 

i6.eN 

11B.2E 

50 

78 

0 

lb*3N 

114. 3E 

60 

126  -10 

20  .BN 

111.2E 

4b 

123  -25 

lauoooz 

15. 3N 

U0«BE 

40 

15. 4N 

121. SE 

44 

41 

0 

17. SN 

117. o£ 

50 

133 

0 

19«9N 

113. 7E 

60 

166  -15 

21.3N 

l09.Bt 

5b 

1BU6002 

15. 8N 

119. 7E 

4b 

16. ON 

120.5E 

40 

47 

-5 

1B.5N 

116. ^E 

55 

ISS 

0 

20.4N 

U2.4E 

55 

137  -20 

21. BN 

10B.3E 

40 

1B1200Z 

15. 9N 

1 18.3E 

bO 

16. 4N 

ilB.4E 

45 

30 

-5 

ltt.9N 

ll2.BC 

bS 

102 

-b 

21, 8N 

10B.3E 

40 

193  -30 

IBIBOOZ 

16. 6N 

116. 9E 

bO 

16. 5N 

U6.8E 

45 

B 

-5 

ib.bn 

lil.cE 

bo 

104 

-20 

20,7N 

106. 6E 

40 

178  -30 

— 

—  — 

19UOOOZ 

17. IN 

115. SE 

SO 

17. 3N 

115. 7E 

50 

17 

0 

19, 7N 

111.7E 

45 

120 

-30 

21.7N 

109.2E 

40 

9B  -25 

__  __ 

I9U600Z 

17. In 

lU.lE 

55 

17. IN 

U3.7E 

60 

23 

5 

iB.3N 

iUB.uC 

50 

182 

-25 

21. ON 

iOb.OE 

35 

125  -2b 

1912002 

17. 2N 

113. OE 

60 

17.2N 

U2.5E 

60 

29 

0 

1B.7N 

1U7.3E 

bO 

184 

-20 

21. ON 

104. OE 

25 

96  -10 

—  •• 

191B00Z 

17. 4N 

1 12.3E 

70 

17. 3N 

112. 4E 

60 

fi 

-10 

17. SN 

109.96 

bS 

122 

-15 

— 

—  — 

200000Z 

17. 7N 

in.9E 

75 

17. 7N 

112.1E 

75 

11 

0 

17. 9N 

1U9.7C 

70 

153 

5 

—  .. 

— 

200600Z 

18.4N 

U1.2E 

75 

18.3N 

111.5E 

75 

18 

0 

20«?N 

109,2E 

45 

114 

-15 

— 

_ « 

_  .  __ 

201200Z 

19. 3n 

110. SE 

70 

19. 7N 

IIO.BE 

70 

>2S 

0 

24.  3N 

1U9.6E 

25 

2B0 

-10 

20iB00Z 

19. 5N 

109.5E 

70 

19.4N 

109.7E 

60 

13 

-10 

— 

— 

—  •- 

— 

—  — 

— 

.. 

2100002 

20.2N 

10B.5E 

65 

20.2N 

10B*7e 

60 

11 

-5 

—  •• 

• 

2106002 

20.6N 

107.2E 

60 

20.7N 

107.sc 

60 

16 

0 

— — — ^  — 

•• 

•• 

— 

- 

_ 

2112002 

21. 3N 

I05« 7E 

35 

ZJ.IN 

10S.9E 

So 

16 

15 

-- 

— 

— 

— 

—  — 

— 

..  .. 

AVEKAbE  FORECASI  ERROR 
AVERAGE  right  ANGLE  ERROR 
AVERAGE  magnitude  OF  mINO  ERROR 
AVERAGE  BIAS  OF  wiNO  ERROR 

number  OF  forecasts 


TYPHOONS  while  NlNO  OVER  SSKTS 
warning  24*HR  48-HH  72<-HK 

22NM  UVNM  121NM  129NH 

12NM  7UNM  '63NM  94NH 
♦KTS  lOKTS  ISNTb  23KTS 
-2KTS  -9kTS  -ISKTS  -23K|S 
20  1?  '  13  e 


AUL  FOKECASTS 

WARNING  24*HK  4B-HR  72*HR 
22NM  119Nh"  121NM  I29NM 
12NM  '70NM  B3NM  94NM 
4K»S  iOKTB  iSKTS  23MS 
-2MS  -9KTS  -ISKTS  -23KTS 
21  17  13  8 


best  track 

Pn<TT  WIND 

WARNING 

POSIT  WIND 

TYPHOON  THELHA 

OOOOZ  21  JUL  TO  00002  26  JUL 

24  HOUR  FORECAST 

ERRORS  errors 

OST* WIND  POSIT  WIND  OST  WIND 

48  HOUR  forecast 

ERRORS 

POSIT  WIND  usr  wind 

<2  HOUR  FORECAST 

ERRORS 

POSIT  WIND  DST  WIND 

210000Z 

14.6N 

130.U 

3U 

14.7H 

130. 2E 

30 

6 

0 

16.6N 

127.6E 

♦5 

3T 

-5 

18.4N 

i24«8E 

50 

T8  -20 

20. IN 

*22, IE 

60 

84  -25 

2I0O00Z 

15.1N 

129, OE 

35 

J5.3N 

i2y.4e 

30 

26 

-5 

n.*N 

126.3E 

40 

48 

-10 

19.3N 

*23. 2E 

50 

7#  -30 

21. ON 

*20, OE 

60 

66  -25 

211200Z 

126. IE 

40 

1S.8N 

12S.1E 

45 

12 

5 

IJ.8N 

124.2E 

60 

87 

0 

19, 9N 

121.2E 

70 

»03  -10 

ZZ.3N 

il8.9E 

75 

122  -10 

211B00Z 

IS.BN 

127. 7E 

45 

15. BN 

127. 6E 

50 

6 

5 

iJ.JN 

124,5E 

8 

-5 

1B»4N 

*21. 7E 

70 

38  -10 

20. IN 

119. OE 

BO 

B4  0 

2200Q0Z 

16,2N 

127. IE 

50 

16.0N 

127.6E 

50 

31 

0 

16.4N 

126,6E 

60 

173 

-10 

17,5N 

*24. OE 

70 

225  -15 

19. 3N 

120. 2E 

75 

173  -5 

22U600Z 

16. GN 

126. 3E 

50 

16.5N 

126. 5E 

50 

13 

0 

17.3N 

124,u£ 

60 

66 

-20 

18, 2N 

*20,4E 

65 

103  -20 

18. 4N 

*16.1E 

70 

367  0 

221200Z 

16.9N 

)25.4E 

60 

17. 2N 

125.4E 

55 

16 

-5 

18.7N 

121. VC 

65 

29 

-lb 

iV.*N 

U8,6E 

70 

86  -15 

19. 6n 

ilS.OE. 

70 

394  5 

221B00Z 

17.2N 

124. 6E 

65 

17.3N 

124.5C 

60 

8 

-5 

ie.3N 

121.VE 

70 

SO 

-10 

JB,8N 

*17, 3E 

75 

205  -5 

19. 5N 

Il3,6E 

80 

491  20 

230000Z 

17.5N 

I23.8E 

70 

17. 5N 

123.8E 

65 

0 

-S 

18. 5N 

120,8E 

70 

66 

-15 

IV. 2N 

*17, 6E 

75 

231  -5 

19. .N 

U3«9E 

80 

512  30 

230600Z 

123.1E 

80 

18.3N 

123.2e 

75 

19 

-5 

19. 7N 

119.8E 

85 

21 

0 

19,9N 

116. OE 

90 

305  20 

-- 

— 

231200Z 

ie.6N 

122. 4E 

80 

IB.7N 

122.2E 

BO 

13 

0 

19, 8N 

118,3E 

§0 

86 

5 

ZU.ZN 

*14.7E 

95 

382  30 

— — 

--  — 

231B00Z 

19. ON 

121.5E 

80 

19«2N 

121. 2E 

BO 

21 

0 

2U.0N 

117. 3E 

VO 

160 

10 

ig.zN 

*13, 8E 

95 

454  35 

—  — 

24U000Z 

19.6N 

120. 7E 

85 

19.7N 

120.5E 

80 

13 

-5 

21.5N 

1I7.6E 

VO 

150 

20 

23,  2N 

*15,2C 

60 

306  30 

— 

—  -- 

24O600Z 

19.9N 

120.1E 

85 

20.1N 

119. 8E 

80 

21 

•5 

2i.8N 

U7.0E 

85 

195 

15 

— 

— 

—  — 

241200Z 

20.4N 

119.7E 

85 

20.7N 

119. 6E 

85 

19 

0 

22. 7N 

117,2E 

85 

162 

20 

*— •- 

— 

—  •• 

** 

— —  *— 

241800Z 

21. 3N 

119.8E 

80 

21,4N 

119. BE 

85 

6 

s 

20,5N 

120.5E 

85 

282 

25 

■ 

— 

—  -- 

2S00002 

22, 2N 

l2U*2e 

80 

22.3N 

IZO.SE 

85 

8 

5 

26,2N 

119,8E 

70 

6 

20 

— 

— 

— 

—  — 

2506002 

23,2N 

120, 2£ 

70 

23. 5N 

120.2E 

60 

18 

10 

-- 

— 

— 

•*  — 

*• 

251200Z 

24,2n 

120.1E 

65 

24. 2N 

t20.1C 

65 

0 

0 

-- 

— 

— 

— 

-*  — 

* 

251800Z 

25. 2n 

120.0C 

60 

25. 4N 

120r.0E 

45 

12 

-15 

— — 

— 

— 

*■ 

..  — 

260000Z 

26  .SN 

119,7E 

50 

27. 5N 

119. 4€ 

30 

73 

-20 

— 

— 

— 

— 

—  — 

— 

—  — 

AVERAGE  forecast  ERROR 
average  right  angle  ERROR 
AVERAGE  magnitude  OF  WlNQ  ERROR 
average  bias  of  wind  error 
number  of  forecasts 


typhoons  while  wind  over  35KTS 

WARNING  24-MR  AB-HH  72-MR 
17NH  97NM  2gONM  2S5NM 

9NM  SBNM  i34NM  167NM 

5KTS  IIKTS  ISKTS  13KTS 
-2KTS  IKTS  -1KT5  -IKTS 
20  17  ■  13  9 


ALL  FORECASTS 

WARNING  24-MK  4B-MR  72-MR 
16NM  V7NM  200NM  25SNM 

9Nm  SbNM  134NM  1S7NM 

5KTS  ilKTS  I9KTS  laKTS 
-2KTS  IKTS  -IKIS  -IKTS 
21  17  13  9 
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TYPHOON  VERA 

OOOOZ  28  JOL  TO  0600Z  01  AUG 


BtST  TKaCi^ 


HdOH  F^URECAST 

ERRORS 


4t>  HOUR  forecast 

errors 


Id  HOUR  FORECASt 

ERRORS 


POSH 

VINO 

PUSIT  WIND 

UST 

wlNO 

POSIT  WIND 

UST  WIND 

POSIT  WIND 

USi 

wind 

POblT 

NiNU 

28UU00Z 

25. 5n 

130. 2E 

35 

25. 4N 

130-3E 

30 

8 

-5 

25. TN 

12B.6E 

45 

55  -5 

26.6N 

i26.2E 

55 

206 

-40 

ZH.6N 

123.9b 

6b 

239  -45 

28U600Z 

25. 4N 

129. BE 

40 

25, 4N 

129. 9E 

40 

5 

0 

25.8N 

12B.1E 

50 

64  -10 

26.9N 

i25.7E 

60 

216 

-40 

26  .SN 

i23«8b 

70 

219  -35 

28I200Z 

25. 3N 

129. 4t 

40 

25. 2N 

129. 3E 

45 

B 

5 

25  .GN 

127. bE 

55 

115  -10 

26.6N 

i2&«2£ 

65 

186 

-35 

27. 6N 

122. »t 

7b 

191  -25 

281800Z 

25. 2n 

l23.Bb 

45 

25. 2N 

128. BE 

45 

0 

0 

25.  7N 

126. bE 

50 

140  -40 

26  •4N 

124. OE 

60 

l45 

-45 

27. 3n 

121. &e 

70 

165  -20 

29UUOOZ 

24.9(<i 

12B.1E 

50 

24. 8N 

128. 2E 

55 

8 

5 

24. 8N 

125.0E 

65 

96  -30 

25.  3N 

123.0E 

70 

58 

-40 

26.2N 

120«7b 

75 

116  -5 

290600Z 

24. 6n 

127. 3E 

60 

24.BN 

127. 6E 

65 

20 

5 

2S.2N 

i24.9E 

/5 

116  -25 

26.1N 

izi.BE 

60 

79 

-25 

27. 3N 

il9.lE 

45 

150  -20 

291200Z 

23. 9n 

126. 5E 

65 

24. 2H 

126.4E 

80 

19 

15 

23.6. 

122.2E 

90 

148  -10 

24.7N 

119.1E 

65 

125 

•35 

291800Z 

23.4N 

126. OE 

90 

23.3N 

125. 5E 

95 

28 

5 

22.2N 

l^l.oE 

lio 

IBS  5 

22.1N 

IlB.lE 

95 

198 

5  - 

— 

—  — 

30U000Z 

23. 2N 

125. 6E 

95 

23.nN 

125. 6E 

95 

12 

0 

21.BN 

123.0E 

ivo 

162  -10 

21«2N 

i20.BE 

90 

240 

10 

300GOOZ 

23. 3N 

125. 3E 

luo 

23. 3N 

125. 5E 

100 

11 

0 

22.9N 

124. uE 

115 

174  10 

21.BN 

i21.9E 

115 

287 

50 

—  •• 

3O12O0Z 

23.5N 

124. 9E 

luu 

23.614 

125. OE 

100 

8 

0 

23.4N 

122. 7E 

90 

114  -10 

•• 

— 

301800Z 

24. ON 

124.4b 

1»5 

24.QN 

124.2k 

lUfl 

11 

-5 

25.2N 

121.4E 

90 

69  0 

— 

— 

— 

— 

—  « 

31V000Z 

24. 5n 

I23.6E 

110 

24.3N 

123. BE 

110 

16 

0 

25.BN 

121. 2E 

luo 

119  20 

_ . 

310600Z 

25. On 

122. 6E 

105 

25.  ON 

122. BE 

uu 

11 

5 

26.9N 

60 

114  -5 

— «> 

•• 

... 

__ 

31U00Z 

24. 9N 

121.4E 

100 

25. 3N 

121.3E 

105 

24 

S 

•• 

•• 

311800Z 

24.8N 

l20«2b 

90 

25. 3N 

119.86 

95 

37 

5 

—  — 

— 

— 

— 

— 

—  — 

OlOOOOZ 

24. 9N 

119. lb 

80 

24  •9N 

119. 2E 

90 

5 

10 

•• 

OiUOOOZ 

25. On 

iie.oE 

65 

24. 9N 

118. 3£ 

65 

if 

0 

—  — 

— 

— 

— 

—  — 

TYPHOONS  while  alNO  OVER  35KIS 

all  FORECASTS 

warning 

ir4-HR 

48>RN  72 

-MR 

WARNING  24-HR  48-HR  72-HR 

average 

forecast  error 

14NM 

l2iNM 

i74NH  160NH 

14NM 

lilNM  17*NM 

IBONM 

AVERAGE 

RIGHT 

ANGLE 

:rhor 

8NH 

72NM 

i23NH  162NH 

bNM 

72NM  123NM 

162Mh 

AVERAGE 

MAGNITUUe  OF 

WIND  ERROH  4KTS 

if^KTS 

33KrS  25KIS 

4KTS  I4KT6  33KTS  25KrS 

AVERAGE 

bias  of  wind 

error 

BKTS 

•.9KTS 

-20KTS  -?5KIS 

3KTS  -9KTb  -20KTS  -25KTS 

NUMBER  OF  forecasts 

18 

14 

10 

€ 

18 

U 

10 

6 

TYPHOON  BABE 

OOOOZ  02  SEP  TO  18002  10  SEP 


BEST  track  oARNlHti 

ERRORS 


POSIT  1 

VINO 

POSIT  wlNU 

UST 

WIND 

020000Z 

8,3N 

144.6b 

30 

e.ON 

144.5E 

3n 

19 

0 

020600Z 

6.6N 

143. OE 

35 

8.7N 

143.06 

40 

12 

5 

02I200Z 

6.9N 

14U5E 

35 

9.2N 

141.86 

40 

25 

S 

021800Z 

9.4N 

140.1E 

40 

9.5N 

14o.se 

40 

24 

0 

030000Z 

9«BN 

138. 7b 

40 

10. ON 

i39.oe 

40 

21 

0 

030600Z 

10.4N 

137.36 

45 

10.3N 

137.5E 

45 

13 

0 

031200Z 

10. 7N 

i36«oe 

so 

lO.BN 

136. 3E 

45 

19 

-5 

031B002 

10.7N 

135.0E 

55 

U.3N 

135.2E 

45 

38 

•10 

040000Z 

10.7N 

134.1E 

60 

11.7N 

134. 4E 

bO 

62 

-10 

0406002 

lO.AN 

133. 3E 

60 

10.7N 

134.06 

60 

42 

0 

0412002 

lO.HN 

132.46 

60 

lO.BN 

132*66 

60 

12 

0 

0418002 

10. 9N 

131. 9£ 

60 

10.8N 

131*86 

60 

8 

0 

0500002 

11. ON 

131. SE 

60 

10.9N 

131.66 

60 

8 

0 

0506002 

10. 9N 

131. OE 

60 

i0.9N 

130. 7E 

60 

16 

0 

0512002 

11. IN 

130.36 

60 

ll.ON 

130*36 

60 

6 

0 

051800Z 

12. In 

130.0b 

60 

ll.lN 

129.96 

60 

60 

0 

O60OOOZ 

13.2N 

130.1E 

65 

13. 2N 

130*16 

70 

0 

5 

0606002 

14. 2n 

129.76 

70 

l4.|N 

129*86 

75 

6 

5 

061200Z 

15. 2n 

129.16 

75 

15.0N 

129*36 

75 

17 

0 

061800Z 

15. 9N 

128. 8E 

8U 

15.9N 
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TYPHOONS  AHILE  KINO  over  3SKTS 
WARNING  24>HH  4B-HH  72-MR 
17NM  14ANM  279NM  ASBNM 
UNM  9SNM  I92NM  324NM 
OKTS  13KTS  21KTS  26KTS 
2KTS  -IMS  -6KTS  ••alKTS 
35  32  ■  28  ■  23 


All  FORECASTS 

warning  24«MK  48-HR  72-MR 

17NM  i44NH  279NM  '  4S8NH 
IINM  95NM  i92Nri  324NH 
6KTS  i3KTS  2lKrS  26i<TS 
2KTS  -|KT5  -6KTS  -21KtS 
38  32  28  23 
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TYPHOONS  »IHiLE  KIND  oVtR  3SK1S  ALL  FO*<tCA5TS 

warning  24-MH  «8«HH  72-HM  WARNING  24-MK  46>MK  72-MR 

AVbHAGE  forecast  ERROR  18NM  iblNM  391NM  592Nm  19NH  I59NM  39bNH  613NH 

AVERAGE  RIGHT  ANGLE  ERROR  IINH  i07NH  409NM  13NN  i06NM  254NM  398NH 

AVERAGE  MAGNITUDE  OF  WIND  ERROR  bKTS  lIKIS  I4KTS  ISKTS  9KlS  *l2KTd  ISKfS 

AVERAGE  BIAS  OF  wiNO  ERROR  2KIS  bRTS  IKTS  -OKIS  31MS  6KT;>  3KTS  -6»^TS 

NUMBER  OF  forecasts  36  32  28  23  38  34  '  30  25 
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TYPHOON  GILOA 
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CHAPTER  VI  -  TROPICAL  cyclone  center  fix  data 


1.  INTRODUCTION 

During  the  1977  storm  season,  2373  fixes 
on  the  21  northwest  Pacific  area  tropical  cyc¬ 
lones  and  180  fixes  on  the  North  Indian  Ocean 
area  tropical  cyclones  were  collected  at  Fleet 
Weather  Central/Joint  Typhoon  Warning  Center, 
Guam.  Table  6-1,  Fix  Platform  Summary,  deli¬ 
neates  the  number  of  fixes  by  platform  for 
each  tropical  cyclone  as  well  as  season 


totals.  A  discussion  of  the  various  recon¬ 
naissance  platforms  is  presented  in  Chapter 
II. 

Fix  totals  as  listed  in  Table  6-1  inc¬ 
lude  all  fixes  received  from  primary  and  sec¬ 
ondary  sources  whether  real-time  or  after- 
the-fact  of  which  all  were  used  for  post- 
storm  analyses.  Therefore,  totals  are  in 
some  instances,  larger  than  those  listed  and 
evaluated  in  previous  chapters  of  this  report. 


TABLE  6-1.  FIX  PLATFORM  SUMMARY 

FIX  PLATFORM 

SHIP  TOTAL  NO. 


AIRCRAFT 

DMSP 

NOAA 

SMS 

LRDR 

RADAR 

ACR 

OR  FIXES 

WESTERN  PACIFIC 

TS  PATSY 

7 

18 

39 

5 

- 

- 

_ 

69 

TD  02 

4  . 

22 

5 

- 

- 

- 

- 

31 

TS  RUTH 

2 

38 

21 

- 

8 

- 

1 

70 

TD  04 

2 

21 

6 

2 

- 

- 

- 

31 

TY  SARAH 

13 

52 

24 

- 

1 

- 

- 

90 

TY  THELMA 

10 

74 

22 

- 

20 

- 

- 

126 

TY  VERA 

13 

54 

26 

- 

67 

- 

- 

160 

TS  WANDA 

8 

39 

26 

- 

- 

- 

- 

73 

TS  AMY 

3 

50 

18 

- 

39 

- 

- 

110 

TY  BABE 

19 

141 

3913] 

- 

88 

- 

- 

287 

TS  CARLA 

1 

44 

10  tU 

- 

- 

- 

- 

55 

TY  DINAH 

14 

123 

43  [4] 

- 

41 

4 

- 

225 

TS  EMMA 

8 

71 

25  [1] 

- 

14 

- 

- 

118 

TS  FREDA 

2 

32 

8[1] 

- 

11 

1 

- 

54 

TY  GILDA 

12 

47 

36  [5] 

- 

- 

- 

- 

95 

TS  HARRIET 

11 

36 

21  [4] 

- 

- 

- 

- 

68 

TY  IVY 

9 

57 

13  tl] 

- 

- 

- 

- 

79 

TY  JEAN 

3 

59 

12  [11 

- 

- 

- 

74 

TY  KIM 

31 

71 

51  [3] 

- 

70 

- 

- 

223 

TY  LUCY 

19 

64 

43  [1] 

- 

- 

- 

- 

126 

TY  MARY 

20 

_ 86 

54[7] 

23 

26 

- 

- 

209 

TOTAL 

211 

1199 

542132] 

30 

385 

5 

1 

2373 

%  OF  TOTAL 

NO.  OF  FIXES 

8.9% 

50.5% 

22.8% 

1.26Z 

16.2% 

.2Z 

.04% 

100% 

TROPICAL  CYCLONE 

17-77 

13 

8 

21 

18-77 

13 

8 

21 

19-77 

27 

6 

35 

21-77 

46 

20  [3] 

66 

22-77 

26 

11  [2] 

37 

TOTAL 

125 

55  [5] 

180 

%  OF  TOTAL 

69.4% 

30.6% 

1005 

NO.  OF  FIXES 

[  ]  -  FIXES  RECEIVED  FROM  FWF  SUITLAND  IN  END-OF-STORM  SUMMARY  PACKET  AFTER  BEST-TRACK 
COMPLETED  AND  ARE  LISTED  AT  THE  END  OF  SECTIONS  3  AND  k  RESPECTIVELY. 
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2.  FORMAT 

The  fix  data  are  divided  into  two  groups 
by  geographical  area  and  sequentially  ordered 
within  each  group.  For  all  types  of  fixes, 
the  first  four  columns  tabulate  information 
in  the  following  format: 

FIX  NO.  -  Fixes  are  numbered  sequen¬ 
tially. 

TIME  -  Day,  hour  and  minutes  (GMT)  of 

fix. 

POSIT  -  Position  of  storm  center  in  de¬ 
grees  and  tenths. 

FIXCAT  -  Type  of  fix  used  (SAT  -  satel¬ 
lite,  P  -  aircraft  penetration,  LRDR  -  land 
radar,  ACR  -  aircraft  radar,  SRDR  -  ship 
radar) . 

The  format  of  the  remainder  of  the 
print-out  varies  with  the  type  of  fix. 

a.  SATELLITE  -  Intensity  estimates  and 
trends  from  visual  data  (when  available)  are 
listed  as  derived  from  the  Dvorak  technique 
(NOAA  TM;  NESS  -  45).  Fix  data  from  NOAA-4 
and  NOAA-5  satellites  are  appropriately  la¬ 
beled  and  indicate  confidence  numbers  (CONF) 
if  the  U.  S.  Navy  Fleet  Weather  Facility, 
Suitland,  MD  provided  the  data  (see  Table 
6-2) ,  or  Position  Code  Number  (PCN)  if  USAF 
DMSP  sites  provided  the  data.  Fixes  based  on 
IR  data  are  appropriately  annotated  with  IR 
DATA.  Geosynchronous  Meteorological  Satel¬ 
lite  (SMS-2)  data  are  noted  as  such  and  may 
contain  occasional  narrative  comments  and 
accuracy  estimates. 

b.  RADAR  -  The  latitude  and  longitude 
of  the  radar  sites  are  given  in  the  POSIT  OF 
RADAR  column.  If  available,  plain  language 
remarks  regarding  the  size,  accuracy,  and 
echo  characteristics  of  the  fix  appear  as 
received.  Radar  data  sites  using  the  stan¬ 
dard  World  Meteorological  Organization  (WMO) 


Code  include  a  five-digit  code  group  for  re¬ 
porting  tropical  cyclone  characteristics  of 
size,  appearance  and  accuracy  of  location  of 
the  center  or  eye. 

c.  AIRCRAFT  PENETRATION  -  Complete  eye/ 
center  fix  reports  are  obtained  at  levied  fix 
times.  Supplemental  fixes  are  sometimes  made 
during  peripheral  data  gathering  legs  between 
scheduled  fixes.  These  normally  provide 
date,  time  and  location  only. 

The  categories  of  aircraft  reconnais¬ 
sance  information  are  as  follows : 

(1)  ACCRY  (Accuracy) :  The  esti¬ 
mated  navigation  (first  number)  and  meteo¬ 
rological  (second  number)  accuracies  are 
expressed  in  nautical  miles. 

(2)  FIX  LVL  (Fix  level):  A  con¬ 
stant-pressure-surface  flight  level  (listed 
in  mb)  is  normally  maintained  during  a  trop¬ 
ical  cyclone  fix  mission.  Low-level  missions 
are  usually  flown  at  1500  feet  (457  m) .  This 
altitude,  however,  is  not  normally  constant 
due  to  maneuvers  to  avoid  turbulence  and  to 
maintain  visual  contact  of  the  ocean  surface. 

(3)  MAX  OBS  FLT  LVL  WIND:  Wind 
speed  (knots)  at  flight  level  is  measured  by 
the  AN/APN  147  doppler  radar  system  aboard 
the  WC-130  aircraft.  Values  entered  in  this 
category  represent  the  maximum  wind  measured 
prior  to  obtaining  a  scheduled  fix.  This 
measurement  may  not  represent  the  maximum 
flight  level  wind  associated  with  the  trop¬ 
ical  cyclone  because  the  aircraft  only  sam¬ 
ples  those  portions  of  the  tropical  cyclone 
along  the  flight  path.  In  many  instances  the 
flight  path  may  be  through  the  weak  sector  of 
the  cyclone.  In  areas  of  heavy  rainfall,  the 
doppler  radar  may  track  energy  reflected  from 
precipitation  rather  than  from  the  sea  sur¬ 
face;  thus  preventing  accurate  wind  speed 
measurement.  In  obvious  cases  such  erroneous 
wind  data  will  not  be  reported.  In  addition, 
the  doppler  radar  system  on  the  WC-130  re- 


1  TABLE  6-2.  CONFIDENCE 

(CONF)  NUMBERS 

AS  A  FUNCTION 

OF  DVORAK  T  1 

■  NUMBER  AND 

RADIUS  OF  90% 

PROBABILITY  AREA  (NM) .  ■ 

1  TROPICAL  CYCLONE  1 

INTENSITY 

CONF  (1) 

CONF  (2) 

CONF  (3) 

T1.5 

60 

120 

170 

T2.0 

60 

120 

170 

T2.5 

60 

120 

170 

T3.0 

50 

100 

150 

T3.5 

45 

90 

140 

T4.0 

45 

90 

140 

T4.5 

45 

90 

140 

T5.0 

40 

90 

130 

T5.5 

40 

80 

130 

T6.0 

40 

80 

130 

T6.5 

30 

70 

120 

T7.0 

30 

70 

120 

T7.5 

30 

60 

100 

T8.0 

30 

60 

100 
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stricts  wind  measurements  to  drift  angles 
less  than  or  equal  to  27  degrees  if  the  wind 
is  normal  to  the  aircraft  heading. 

(4)  MAX  OBS  SFC  WIND:  The  maximum 
surface  wind  (knots)  is  an  estimate  made  by 
the  Airborne  Weather  Reconnaissance  Officer 
(ARWO)  based  on  sea  state.  This  observation 
is  limited  to  the  region  of  the  flight  path, 
and  may  not  be  representative  of  the  entire 
storm.  Availability  of  data  is  also  depen¬ 
dent  upon  the  absence  of  undercast  conditions 
and  the  presence  of  adequate  illumination. 

The  positions  of  the  maximum  flight  level 
wind  and  the  maximum  observed  surface  wind  do 
not  necessarily  coincide. 

(5)  OBS  MIN  SLP:  The  minimum  ob¬ 
served  sea  level  pressure  on  a  700  mb  fix 
mission  is  obtained  by  applying  the  minimum 
700  mb  height  to  the  following  regression 
equation : 

SLP  (MB)=.115  (700  mb  HOT  [M] )  +  645 

This  relationship  is  accurate 
within  +3  mb  in  most  cases.  However,  if  the 
700  mb  center  and  the  surface  center  are  not 
vertically  alligned,  the  minimum  sea  level 
pressure  will  be  erroneously  high.  If  the 
surface  center  can  be  visually  detected  (e.g. 


in  the  eye) ,  the  minimum  sea  level  pressure 
is  obtained  by  a  dropsonde  released  above  the 
surface  vortex  center. 

If  the  fix  is  made  at  the  1500  foot 
level,  the  sea  level  pressure  is  extrapolated 
from  that  level . 

(6)  MIN  700  MB  HGT:  The  minimum 
height  of  the  700  mb  surface  in  the  vortex 
center  is  recorded  in  decameters. 

(7)  FLT  LVL  TI/TO:  This  category 
denotes  the  maximum  temperature  measured  in 
the  center  (TI)  and  the  ambient  temperature 
outside  the  center  (TO) .  The  outside  temper¬ 
ature  is  measured  just  prior  to  entering  the 
wall  cloud.  Both  temperature  observations 
are  in  degrees  Celsius  and  are  made  at  flight 
level.  Reconnaissance  aircraft  seldom  pene¬ 
trate  on  the  same  azimuth  from  one  fix  to 
another;  thus,  the  position  of  TO  normally 
varies  both  in  bearing  and  range  from  the 
center. 

(8)  EYE  FORM/ORIENTATION/DIA:  The 
shape  and  diameter  (nm)  of  the  eye  is  deter¬ 
mined  by  visual  observation  or  by  radar  pre¬ 
sentation  analysis.  This  is  reported  only  if 
the  center  is  SOI  or  more  surrounded  by  wall 
cloud.  For  elliptical  eyes,  the  size  of  both 
major  and  minor  axes  are  given  in  nm. 
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25. IN 

I29.4E 

P 

2  5  700 

240 

50 

140 

70 

50  270 

2U 

2811017 

25. 4N 

l29.aE 

SAT 

UR  DATA 

) 

PCN 

4 

UMSP 

21 

2811017 

25.4N 

129.se 

SAT 

UR  DATA 

) 

PCN 

3 

UMSP 

22 

2811187 

25. 3N 

129. SE 

SAT 

UR  DATA 

) 

PCN 

3  NOAA-5 

23 

2811197 

26.0N 

130. 2E 

SAT 

UR  DATA 

) 

PCN 

4  N0AA>5 

24 

2814327 

25. SN 

12a.9E 

SAT 

<1R  DATA 

) 

PCn 

3 

UMSP 

2b 

2814327 

25.3N 

129. 2E 

SAT 

UR  data 

) 

PCN 

4 

UMSP 

2b 

2814407 

25.3N 

129. lE 

P 

2  5  700 

4U 

50 

340 

a 

-  - 

27 

2816137 

25.2N 

129. lE 

SAT 

(IR  DATA 

) 

PCN 

3 

UMSP 

2b 

2816137 

25. 3N 

l2a.9E 

SAT 

UR  data 

) 

PCN 

5 

UMSP 

29 

2821117 

24. 9n 

128. SE 

SAT 

173,5/3,5- 

/01,O/24HHS) 

PCN 

3 

UMSP 

30 

2821117 

25.2N 

128. 3E 

SAT 

(T3, 5/3,5 

/00.5/24HPS) 

PCN 

3 

UMSP 

31 

28215SZ 

24.8N 

128. 4E 

P 

2  3  700 

110 

55 

100 

ss 

-  • 

32 

2823557 

24.8N 

128. lE 

SAT 

UR  DATA 

) 

PCN 

3  NOAA-5 

33 

2823577 

25.0N 

128. OE 

SAT 

<T3. 5/3,5 

/0i«5/24HPS} 

NOAA-5 

34 

2903U7 

?4,eN 

127. aE 

SAT 

UR  DATA 

) 

PCN 

1 

Omsp 

3b 

2903147 

24.8N 

127. aE 

SAT 

<T4,5/4,5 

/ 

/ 

HRS) 

PCN 

1 

UMSP 

3b 

2903UZ 

24.9N 

128. 4E 

SAT 

(T4,0/4.0 

/ 

/ 

HRS) 

PCN 

1 

UMSP 

3? 

2903157 

24.6N 

127. 9E 

P 

2  3  700 

10 

65 

300 

10 

60  300 

3b 

29U341Z 

24.eN 

127. 8E 

SAT 

<IR  data 

) 

PCN 

1 

UMSP 

39 

290932Z 

2A,3N 

126. 8E 

P 

4  3  700 

90  045 

IS 

70  250 

4U 

2909S3? 

?4«4N 

128. 7E 

SAT 

UR  data 

) 

PCN 

1 

UMSP 

41 

290953? 

24,5N 

126. aE 

SAl 

UR  DATA 

) 

PCN 

1 

UMSP 

42 

29103SZ 

?4«4N 

126. sE 

SAT 

UR  DATA 

} 

PCN 

4  NOAA-5 

43 

291223Z 

24. ON 

126.  7E 

SAT 

UR  data 

} 

PCN 

4  NOAA-5 

44 

2912317 

23, SN 

126. 7E 

SAT 

UR  data 

) 

PCN 

1  NOAA-5 

4b 

2914307 

23,6N 

126.1E 

P 

3  3  700 

360  ; 

LOO 

280 

16 

-  •. 

46 

291S5SZ 

23.2N 

126. 2E 

SAT 

UP  DATA 

) 

PCN 

1 

UMSP 

47 

291S5SZ 

23, ON 

126. lE 

SAt 

UP  DATA 

) 

PCN 

4 

UMSP 

48 

2920437 

23, 3N 

125. TE 

P 

2  5  700 

• 

• 

• 

•  ■  • 

49 

2922367 

23,4N 

12S.6E 

SAT 

(75*0/5,0 

/0i,5/24HPS) 

PCN 

t 

UMSP 

bU 

2922362 

23, SN 

12S.5E 

SAT 

(T5*5/S«b 

/Oi,d/20HHS) 

PCN 

1 

UMSP 

SI 

29233'‘.? 

23, 3n 

125. 9E 

SAT 

UR  DATA 

) 

PCN 

1 

UMSP 

S2 

300058? 

23, 8N 

126. OE 

SAT 

(TS, 0/5,0 

/D1«5/25HRS) 

NOAA-5 

S3 

300107Z 

23,3N 

12S.6E 

SAT 

(T5,5/5,5 

/  02.0/28 hP$) 

PCN 

1 

UMSP 

54 

3002377 

23, 3N 

12S.se 

P 

2  5  700 

• 

• 

• 

• 

•  • 

Sb 

3U0256Z 

?3«3N 

125.6E 

SAT 

UR  DATA 

) 

PCn 

1 

UMSP 

bb 

300256Z 

23«2N 

12S.sE 

SAT 

UR  DATA 

) 

PCN 

1 

UMSP 

S7 

3008472 

23,6N 

12S.2E 

P 

2  4  700 

24U  ; 

100 

170 

12 

oS  160 

S8 

3010377 

23, 7n 

124. 9E 

SAT 

(IR  DATA 

) 

PCN 

4 

UMSP 

59 

3010377 

23, 7N 

125!4E 

SAT 

UR  data 

) 

PCN 

6 

UMSP 

60 

3011177 

73,8N 

124. 9E 

SAt 

UR  DATA 

) 

PCN 

2 

UMSP 

61 

3011177 

23. 5N 

124. aE 

SAT 

(IR  DATA 

) 

PCN 

2 

UMSP 

62 

3011477 

23»4N 

124. 9E 

SAT 

UR  OATa 

) 

PCN 

1 

NOAA-5 

63 

3011542 

22,9N 

125.1E 

SAT 

UR  DATA 

) 

NOAA-S 

64 

301200/ 

23  .TN 

I2S.0E 

LROR 

-  10312 

65 

3012182 

23,6N 

124. 7E 

SAl 

UR  data 

) 

PCN 

b 

UMSP 

bb 

3012187 

23,6N 

124. 6E 

SAT 

UR  DATA 

) 

PCN 

4 

UMSP 

6/ 

3012407 

23. 7N 

124. 8E 

SAT 

UR  DATA 

) 

PCN 

4 

NOAA-4 

bb 

3013007 

23, 8N 

124. 9E 

LROR 

-  10423 

69 

3013097 

23, 7N 

124.9E 

LRUR 

-  11412 

70 

3014007 

23.8N 

124. aE 

LROR 

-  10413 

71 

3014007 

23.8N 

124. aE 

LROr 

-  11311 

72 

3014007 

23. 8N 

i24.aE 

LROR 

-  11311 

73 

3015002 

23.9N 

124. 6E 

LROR 

-  10472 

74 

3015007 

23, 8N 

I24.6E 

LRUR 

-  11411 

7b 

3015007 

23,9N 

124. 6E 

lrur 

-  11411 

76 

3015387 

24, ON 

12*. 2E 

SAT 

UR  DATA 

) 

PCN 

1 

UMSP 

77 

3015387 

24,1N 

124. l£ 

SAT 

UR  DATA 

) 

PCN 

1 

UMSP 

7b 

3016007 

24. ON 

124. SE 

LROR 

•  10742 

79 

3016007 

23  •9N 

124. SE 

LROR 

-  12411 

bu 

3016097 

23,9n 

124. SE 

LROR 

-  10313 

bl 

301700? 

24, ON 

124. 4E 

LROR 

-  10791 

b2 

3017007 

23.9N 

124. 3E 

LROR 

-  22631 

b3 

3017007 

23.9N 

124. 3E 

LROR 

-  11563 

b4 

301800? 

24. IN 

124.2E 

LROR 

-  10582 

bb 

3018007 

24. ON 

124. 3E 

LROR 

-  12511 

bb 

3018007 

?4.0N 

124. 3E 

LRDR 

-  11733 

b/ 

3019007 

24. IN 

124. ZE 

lrur 

-  11472 

bb 

301900? 

24.0N 

124. lE 

LRUp 

-  10511 

b9 

301900? 

24, ON 

124. 2E 

lrur 

-  11713 

9U 

3020007 

24, 2N 

12*. 2E 

lrur 

-  10572 

(CONF  01) 

25  988 

25 

26 

1 

35 

9b  7 

29b 

13 

13 

• 

- 

1 

30 

987 

29/ 

15 

14 

- 

-  - 

- 

2 

>  9bb 

296 

14 

12 

■■ 

■ 

2 

-  97/ 

289 

15 

li 

3 

(CONF  01) 

25  972 

269 

16 

10 

CIHC 

>6 

3 

10  95U 

269 

18 

14 

CIRC 

8 

4 

•  940 

25/ 

19 

15 

EL»P 

E-a 

7X  5 

4 

-  932 

24/ 

17 

14 

ElIP 

SE-Ns 

15X12 

5 

(CONF  01) 

-  92b 

244 

18 

12 

ELlP 

bvNt 

15X12 

5 

32  933 

250 

17 

13 

CIRC 

8 

6 

(CONF  02) 

-  -  -  -  24. 3n  i24.2E 


24»0N  12i«6E 
24.3N  124, 2E 
24»0N  12l,bE 
24,3n  124, 2L 
24, Gn  12S.3E 
24, UN  121, bE 
24, 3n  124, 2L 
24,bN  12S,iE 


•  24, UN  121, bE 

•  24, 3n  124, 2E 

•  24, UN  12S,3E 

•  24, UN  121, b£ 

-  24, 3N  124, 2E 

-  24,bN  12b,3E 

•  24, UN  121, bE 

-  24, 3n  124,2E 

-  24,tfN  12!>,3E 

-  24, UN  12|,bE 

-  24, 3n  124,2E 

-  24, bN  125, 3t 

-  24*UN  121, 6E 
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VI 

302000Z 

?4.1N 

124.1E 

LHUR 

-  11631 

• 

•  • 

. 

24.  JN 

124. 2E 

Vi! 

302000Z 

?4.l9 

12**2e 

LHUR 

-  11613 

• 

•  • 

• 

24.6N 

12^. 3E 

93 

302100Z 

?4*39 

124. lE 

LHOR 

-  10575 

• 

•  > 

• 

24.UN 

12i.6L 

9* 

3O21O0Z 

24*2N 

124*i£ 

LHU« 

-  10511 

• 

•  • 

. 

2«.  JN 

124.2E 

9S» 

302100Z 

24*IN 

124. OE 

tKUR 

-  11613 

• 

•  • 

. 

2«.6n 

12b. 3t 

96 

3021427 

24. 2N 

124. oE 

p 

3  S  700  20u  105  160 

20 

•  • 

-  926 

249 

20 

12 

CIRC 

15 

9? 

3022002 

24.4N 

la^.iiE 

lhor 

-  10382 

• 

24.0N 

121.6E 

9b 

3022002 

24. 3N 

124. oE 

lhur 

-  12511 

- 

- 

24. 3N 

124. 2E 

99 

3022002 

?4,3M 

124.0E 

LRDR 

-  10511 

• 

• 

24.6N 

125. JE 

lou 

3022192 

?4,2N 

124.0E 

SAf 

<T6. 5/6.9  -/Dl.O  /21mRS> 

PCr< 

1 

UHbP 

101 

3022192 

24. 3N 

i2J.9e 

SAr 

( T6.0/6.0*/01.U/24HRS) 

PCn 

1 

UNSP 

3023002 

24. 4N 

123.AE 

LKDR 

-  1Q492 

> 

• 

24.0N 

1^1 «6E 

kU3 

3023002 

?4.4N 

123*bE 

LHUR 

“  1Q512 

»  - 

* 

24.JN 

124. 2E 

1U4 

3023007 

24. 3n 

123.be 

LHUR 

•  10612 

24.6n 

1 2  5 . 9  E 

10b 

302322/ 

24. IN 

123. 6E 

SAl 

<!R  DATA  ) 

PCn 

1 

.  UMSP 

106 

3100002 

24.4N 

123. 7E 

LHUR 

-  10512 

24.  JN 

1 24. 2E 

107 

310000Z 

24, 4N 

123. he 

LHUR 

-  10512 

24«  6n 

i2b. JE 

106 

31U01S2 

24.aN 

123. 9E 

5AI 

<T6.0/6.0  /01.0/23HRS) 

NOAA-5 

(CONF  01) 

109 

3100232 

24, 5n 

123.TE 

SAi 

(IR  DATA  j 

PCN 

1 

NOAA-5 

110 

310100Z 

24.5n 

123.6E 

LRUr 

-  12512 

24.3N 

124. 2E 

111 

310100Z 

24. 5N 

123. 6E 

LHUR 

•  10513 

• 

24. 6N 

12b. JE 

ll<i 

3101402 

?4,5N 

123. 7E 

LHUR 

-  11533 

• 

24.  On 

121.6E 

113 

3102002 

24. 6N 

123.sE 

LHUR 

•  11512 

• 

24.0N 

121.6E 

114 

3102002 

24.6N 

1P3.se 

LHUR 

-  10413 

• 

24. 3N 

124.2E 

lib 

3102002 

?4,6N 

123.5E 

lrur 

-  11513 

24. 6N 

125. JE 

116 

3102342 

24.8N 

123. 4C 

SAI 

<76. 5/0. b  /Ol.o/2aHRS) 

PCi- 

1 

UMSP 

1 W 

3102392 

24. SN 

123.se 

SAl 

<IR  DATA  ) 

PC^ 

UHbP 

Ub 

3103002 

24.8N 

123. 3E 

LRUR 

-  11513 

• 

24. On 

I2l .6E 

119 

3103002 

24. 7N 

123.3E 

LHUR 

-  11511 

• 

24. 3N 

124.2E 

uo 

3103002 

?4,7N 

123.4E 

LHUR 

-  10533 

• 

24.6n 

125. JE 

3104002 

24.BN 

123. lE 

LHUR 

-  10511 

. 

24.3N 

124.2E 

3104002 

24.BN 

123.1E 

lrur 

-  10512 

24. 6n 

125. JE 

1^3 

3105002 

?4,9n 

122. 9E 

lhor 

-  11573 

• 

«  « 

. 

24.0N 

121. 6E 

124 

31U5002 

24. 9N 

122. 9E 

lrur 

-  11512 

24.  JN 

124. 2E 

12b 

3105002 

24.BN 

122.9E 

lrur 

-  10512 

• 

24. 6N 

125. JE 

126 

3106007 

25.0N 

122.be 

lror 

-  10512 

. 

• 

24.3N 

124. 2E 

127 

3106002 

24, 9N 

122.7E 

lrur 

-  11634 

_  _ 

24.8N 

125. 3E 

126 

3107002 

25. IN 

122. 6£ 

lror 

-  10482 

• 

• 

24.  ON 

121.66 

129 

3107007 

25.0N 

122.se 

lrur 

-  12612 

w 

24. 3N 

124.2b 

130 

3107002 

2b, ON 

122.se 

LHUR 

•  12634 

• 

m  » 

24. 6n 

125. 3E 

131 

3106002 

2b. 2n 

I22.3e 

lrur 

-  10412 

• 

24. On 

12 1 .6E 

132 

3106002 

25. 2N 

122.3E 

lrur 

-  25142 

• 

• 

24.3N 

124.2E 

133 

3106007 

25.1N 

122.2E 

LHUR 

-  20643 

• 

24. 8N 

125. 3E 

134 

3106202 

2b«2N 

t22.0E 

lrur 

.  25761 

• 

24. On 

121. 6£ 

13b 

3106502 

25.2n 

121. 9E 

P 

3  3  700  ISO  78  60 

lb 

•  • 

-  931 

249 

20 

IS 

ELlP 

12X10 

136 

3109002 

?S«0N 

122. OE 

lrur 

•  7///5 

24. 6N 

125. JE 

137 

3110007 

2b«2N 

121. 6E 

LHUR 

-  20711 

• 

24.3N 

124. 2E 

136 

3111007 

25. 2n 

121.3E 

SAr 

<IR  data  ) 

PCN 

2 

UMSP 

139 

3111002 

25.0N 

121.5E 

SAf 

<IR  DATA  ) 

PCN 

(>MSP 

140 

3111007 

25, 3N 

121. 4E 

lrur 

•  55/// 

• 

24. 3n 

124. 2E 

141 

3112002 

2S.3N 

121. 6E 

lrur 

-  5//// 

• 

• 

22. 6n 

120.3E 

142 

3112067 

25. IN 

122. 2E 

SAf 

<IR  DATA  ) 

PCn 

2 

UMSP 

143 

3112072 

24.9N 

121. lE 

SAT 

<IR  data  ) 

PCN 

UMSP 

144 

3112077 

24«8N 

121. 6e 

SAt 

<IR  data  } 

PCN 

UMSP 

l4b 

3112592 

24. 4N 

121.5E 

SAf 

<IR  OATa  ) 

PCN 

4  NOAA-5 

146 

3113072 

24.0N 

121. OE 

SAf 

<IR  data  ) 

NOAA-5 

<CONF  02) 

147 

31141102 

25. IN 

121. OE 

LRUR 

•  5//// 

• 

• 

22.6N 

I20.3E 

146 

3115007 

24.8N 

120. ?£ 

lrur 

-  4//// 

• 

*  » 

• 

22. 6n 

120. 3E 

149 

3115207 

25. 3N 

120. 4e 

SAT 

<IH  data  > 

PCN 

3 

UMSP 

ISO 

3115202 

25. 3N 

120. 7E 

SAT 

(IR  DATA  ) 

PCN 

3 

UMSP 

Ibl 

3117002 

24. 8N 

120. 4E 

LRUR 

-  2081/ 

- 

• 

22. 6N 

120. JE 

192 

31220J7 

24. 9N 

119. SE 

SAT 

(T4»0/5,0*/M2.b/24HRST 

PCN 

UMSP 

193 

3122012 

25. ON 

119. SE 

SAT 

(T4.5/S.b-/wi.b/24HMS> 

PCN 

UMSP 

lb4 

0101002 

24. 9N 

119. lE 

lrur 

-  11412 

• 

• 

22.6N 

120.3L 

15b 

010126? 

24.8N 

119. lE 

SAT 

(T5.0/S.S  /M1.0/25HRS) 

NOAA-5 

{CONF  01) 

lb6 

010136? 

2S.1N 

119. oE 

SAT 

(IR  DATA  ) 

PCN 

3  NOAA-5 

157 

0102002 

25.0N 

116. SE 

lrur 

-  50/// 

• 

•  » 

• 

Ibb 

0110432 

2b.0N 

116. 3E 

SAT 

(IR  DATA  ) 

PCN 

6 

UMSP 

IbV 

0112232 

23.6N 

115.8E 

SAT 

(IR  OATA  > 

NOAA-5 

ICONF  01) 

160 

0200522 

25. 2N 

lU.oE 

SAT 

(IR  DATA  > 

PCN 

5 

NOAA-5 

90 


{TOPICAL  S1URM  vANUA 
FIX  POSITIONS  FOR  CVCLORt  NO-  8 
ti600Z  31  JUL  TO  U6UUZ  UA  AUG 


accry 

MAX  oas 

MAX  UdS 

Ob:> 

HIN 

flt 

POSIT 

FIX 

FIX 

FLT  LVL  hind 

bFC  HIND 

MIM 

TOOMG 

LVL 

EYt 

URIEN- 

EYt 

OF 

MSN 

posi  r 

CAI 

NAV-MtT 

LVL 

OIH  VEL  aHG  PNG 

vEl  bhg  png 

SLP 

HG< 

TI/TO 

FORM 

» A1 ION 

dim 

RAOAR 

NHBh 

1 

291414Z 

19. 9N 

140. 3E 

SAT 

<IR  data 

1 

PCN 

OMSP 

■i 

2923117 

23.  ON 

139. SE 

SAT 

IT  0/  0 

/  / 

HRS> 

PCN 

lY) 

i 

in 

j 

30093hZ 

22.GN 

139. SE 

SAI 

UR  DATA 

\ 

PCN 

6 

UHSP 

4 

3100147 

23. 7N 

141«oE 

SAT 

(T1.5/l»b 

/  / 

HNS) 

NOAA  5 

5 

3100237 

23. Og 

I4l .OE 

SAf 

112.0/2.0 

/02.U/2SHHS) 

PCn 

5  NOAA-5 

6 

3102397 

23. 2n 

140. 3E 

SAI 

MR  DATA 

) 

PCN 

5 

ONSP 

Y 

31091RZ 

23. 7N 

140. 5E 

SAI 

MR  data 

) 

PCn 

6 

UNSP 

b 

3109197 

?5.8n 

140. 3E 

SAI 

PCN 

6  UHSP 

9 

3111;.37 

24. IN 

141. 5E 

SAI 

MR  DATA  ) 

PCN 

5  NOAA-5 

lu 

3111037 

23-6N 

140-OE 

SAI 

MR  DATA  ) 

PCN 

6  NOAA-5 

11 

31111-17 

23.6N 

141. 5E 

SAT 

MR  DATA  ] 

NOAA-5 

(CONF  02) 

12 

3113392 

25-ON 

141.8E 

SAT 

MR  data  } 

PCN 

6  UHSP 

iJ 

3113337 

26-3N 

142.3E 

SAT 

MR  DATA  1 

PCN 

6  UHSP 

14 

3120207 

24-8N 

141. OE 

SAI 

MR  data  ) 

PCN 

6  UHSP 

IS 

3123267 

24. 5n 

140.3E 

P 

5  IS  700  -  •  • 

• 

«b'  40 

90  996 

309 

13 
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127. z£ 

LRt>R 

•  6///4 

• 

-  - 

- 

24. 3N 

124.26 

• 

152 

081600Z 

22.2N 

127. o£ 

lrur 

-  25//4 

• 

•  • 

24.6N 

125.36 

• 

153 

061600? 

22.3N 

127. z£ 

lwor 

-  GOOD  FIX  20D  MOV  0410 

• 

•  • 

• 

24.6N 

125.36 

• 

154 

061700? 

22.3N 

127. 2E 

LRUR 

-  6///4 

• 

• 

24.3N 

124.26 

• 

155 

061700? 

22. 4N 

127. ZE 

LRUR 

-  25//4 

- 

-  • 

- 

24. BN 

125.36 

• 

156 

061700? 

22. 4N 

1Z7.3E 

lrdr 

-  GOOD  FIX  20D  MOV  3610 

- 

•  • 

- 

24.eN 

125.36 

• 

157 

061800? 

?2.6N 

1Z7.3E 

lrur 

-  25//4 

-■ 

•  • 

• 

24.6N 

125.36 

• 

15B 

081800? 

22.6N 

1Z7.*£ 

lrur 

>  GOOD  FIX  20D  MOV  0410 

- 

- 

24.6N 

125.36 

- 

159 

061900? 

22.7N 

IZ7.4E 

lrur 

-  12574 

• 

•  • 

• 

24. Bn 

125.36 

• 

160 

081900? 

22. 7N 

1Z7.5E 

LRUR 

•  GOOD  FIX  2Q0  MOV  0420 

“ 

■  - 

• 

24 -BN 

125*36 

- 

161 

062000? 

22.8N 

lZ7.sE 

lrur 

-  10414 

• 

-  • 

• 

24.BN 

125.36 

• 

162 

0620002 

22.8N 

1Z7.7E 

lrur 

-  GOOD  FIX  MOV  0420 

“ 

-  “ 

" 

24.6N 

125.36 

- 

163 

0621007 

23.1N 

IZ7.7E 

lror 

-  10371 

“ 

"  • 

“ 

26. 2n 

127.66 

164 

082105? 

23.0N 

IZB.lE 

SAT 

HR  DATA  ) 

PCN  3‘ 

UHSP 

165 

082200? 

23.2N 

lZ7.gE 

LRUR 

-  20343 

“ 

• 

26. 2n 

127.66 

166 

082203? 

23.1N 

1Z7.9E 

SAT 

H6«0/7.0  /HUU/25HRS) 

PCN  1 

UMSP 

167 

062246? 

23.4N 

ize.oE 

SAT 

H7*0/7.0  /  /  HRS) 

PCN  1 

UMSP 

166 

082246? 

23.2N 

12t).ZE 

SAT 

H7«0/7.0  /D0*S»/25MR5) 

PCN  4 

UMSP 

169 

082246? 

23.6N 

127. 9E 

SAI 

<T6.5/6.5  /S  /22HRS) 

PCN  1 

UMSP 

179 

0822462 

23.3N 

1Z7.4E 

SAT 

<T5s0/6.0  /H1.U/24HRS) 

PCN  1 

UMSP 

171 

082250? 

23. 4N 

1Z7.9E 

P 

5  5  700  ^40  90  180 

15  116  IttO 

14 

916 

236 

16 

15 

CIRC 

lO 

12 

172 

062300? 

23.4H 

IZB.OE 

lrur 

•  10343 

• 

•  - 

• 

26.2N 

127.6E 

• 

173 

09.0000? 

23.0N 

IZd.oE 

SAT 

(T6.5/6.5  /D0.b/24HKS) 

NOAA-5 

(CONF  01} 

174 

090010? 

23.7N 

izb.oe 

SaT 

HR  DATA  1 

PCN  1  NOAA-5 

175 

0901002 

23.9N 

IZO.lE 

LRUR 

-  2S//3 

• 

•  • 

• 

24»6n 

125.36 

• 

176 

090100? 

23.8N 

12a. lE 

LROR 

-  13411 

• 

•  • 

• 

26.2N 

127.86 

• 

177 

0902002 

24.2N 

12».4E 

lror 

-  13411 

• 

-  • 

• 

26«2n 

127.86 

• 

176 

0902457 

24.4N 

128.1E 

SAT 

HR  DATA  ) 

PCN  1 

UMSP 

179 

0902452 

24.3N 

12B.3E 

SAT 

HR  DATA  ) 

PCN  3 

UMSP 

18U 

090245? 

24.5S 

12a. oE 

SaT 

HR  DATA  > 

PCN  1 

UMSP 

161 

090300? 

24.3N 

12a.4E 

lror 

-  6///3 

•  • 

26«2n 

127.86 

162 

09Q300Z 

24.4N 

iza.2£ 

lror 

-  13831 

•  “ 

24  .BN 

125.36 

183 

090345? 

24.4N 

128. 3E 

P 

2  5  700  10  70  300 

40  100  360 

10 

920 

23? 

17 

IS 

CINC 

25 

12 

164 

090400? 

24.SN 

12B.3E 

lrur 

•  5///3 

"  " 

24.6N 

125*36 

165 

090400? 

24.6N 

128. 4E 

lror 

-  13511 

26.2N 

127.66 

166 

090500? 

?4.8N 

128. SE 

lror 

-  10903 

•  • 

26.2N 

127*66 

167 

090500? 

24. 7N 

128.4E 

lror 

-  10831 

•  • 

24.6N 

125.36 

166 

0906002 

25. ON 

lEBisE 

lror 

-  10913 

24.6n 

125.36 

169 

090600? 

2S.1N 

128. sE 

lror 

•  10811 

•  • 

26.2N 

127. Q6 

19U 

0907002 

25.4N 

iza.sE 

lror 

•  5//43 

•  • 

26. 

127.66 

191 

090700? 

25.3N 

128. SE 

lror 

•  10611 

•  • 

24. 8n 

125.36 

192 

090700? 

25.3N 

128. 8E 

lror 

-  209/3 

•  • 

28. 4N 

129.56 

193 

090700? 

25.4N 

1Z8.7E 

lror 

•  POOR  FIX  SPRL  CUF  MOO  ALL  QUAD 

TOP  300  NWE 

•  • 

26.2N 

127*76 

194 

090600? 

2S.6N 

1Z8.9E 

lror 

•  6///3 

•  • 

24. 6n 

125.36 

19b 

090800? 

25.7N 

IZS.SE 

LROR 

•  10730 

•  • 

26. 2n 

127 .66 

196 

090600? 

25. 6N 

1ZS.9E 

lror 

•  10814 

•  • 

26. 4N 

129.56 

197 

090800? 

25.5N 

1Z8.se 

lror 

-  SPRL  CUF  MOD  ALL  QUAD  T350  MOV 

N 

•  • 

26.2M 

127*76 

196 

090805? 

25. 7N 

IZB.SE 

lror 

•  GOOD  FIX  90%  UALL  CLD  CIRC  20 

•  • 

26. 4N 

127 .66 

199 

090900? 

25.9N 

1Z8.9E 

lror 

•  10621 

•  • 

26. 4N 

129.5L 

290 

090900? 

26.0N 

IZB.sE 

lror 

•  10714 

•  * 

26. 2n 

127*66 

201 

090905? 

26. ON 

IZ8.9E 

lror 

-  GOOD  FIX  90%  WALL  CLD  CIRC  D20 

•  - 

26. 4N 

127.66 

202 

090910? 

26.0N 

IZB.SE 

lror 

-  POOR  FIX  SPRL  CUF  MOD  ALL  QUAD 

T  400  MOV  H 

•  • 

26. 2N 

127.76 

203 

090930? 

26.1N 

iza.sE 

lror 

•  GOOD  FIX  90%  WALL  CLD  CIRC  D-20  SPRL  BAND  AREA  7RHPS/NC  317/133  4/106* 

-  • 

26. 4N 

127.66 

204 

091000? 

26.2N 

128. sE 

lror 

-  10711 

• 

•  • 

28. 4N 

129.56 

205 

09I000Z 

26. 3N 

128. sE 

lror 

-  10714 

• 

-  “ 

26. 2N 

127.66 

206 

09100SZ 

26.4N 

128. sC 

lror 

-  GOOD  FIX  70%  WALL  CLD 

CIRC  020 

• 

•  • 

26.4N 

127.66 

• 

20  7 

091010? 

26.3N 

128. SE 

lror 

-  POOR  FIXSPRL  CUF  MOO  ALL  WUAD  T  400  MOV  H 

" 

•  • 

26.2n 

127.76 

• 

206 

0910302 

26. 5N 

128.se 

lror 

-  GOOD  FIX  65%  WALL  CLO  CIRC  020  SPRL  BNO  AREA  7RWPS/NC  337/133  47/82  * 

•  • 

26.4N 

127.66 

• 

209 

0910477 

26. 4N 

128. SC 

SAT 

HR  DATA  ) 

PCN  2 

UMSP 

210 

0910477 

26.5N 

128. SE 

SAT 

HR  DATA  ) 

PCN  1 

UMSP 

211 

091047? 

26. 7N 

129. oE 

SAT 

HR  DATA  ) 

PCN  2 

UMSP 

212 

091050? 

26.3N 

128. «E 

SAT 

«IR  DATA  ) 

PCN  2  NOAA-5 

213 

0911002 

26.SN 

12B.8E 

LROR 

-  11711 

• 

•  • 

• 

26.2N 

127.66 

214 

091100? 

26. 5N 

128. sE 

lror 

-  1Q712 

" 

-  - 

• 

28. 4N 

129.56 

• 

215 

0911077 

26. 5N 

128. sE 

lhor 

-  POOR  FIX  SPRL  CUF  MOD  ALL  QUAD 

T  440  MOV  N 

■ 

• 

26. 2n 

127.76 

• 

216 

0911107 

26. 7N 

128. 7E 

lror 

-  GOOD  FIX  80  PCNT  WALL  CLD  CIRC 

02Q 

• 

•  • 

■ 

26. 4N 

127.66 

• 

217 

0911297 

26. 7N 

128.8E 

SAT 

(JR  DATA  ) 

PCN  1 

UMSP 

216 

091129? 

26. 9N 

128. 7E 

SAT 

HR  data  ) 

PCN  1 

UMSP 

219 

091135? 

26.8N 

128.8E 

lrur 

-  GOOD  FIX  90%  WALL  aO  CIRC  D20 

• 

•  • 

• 

26. 4N 

127.86 

• 

220 

0912002 

26.6N 

128.8E 

lror 

-  1Q611 

• 

•  • 

26. 2N 

127 .66 

• 

221 

0912002 

?6,9N 

128. 7E 

lror 

-  1Q712 

• 

•  • 

• 

28. 4N 

129.56 

222 

0912007 

?7.0N 

128. ?£ 

lror 

-  GOOD  FIX  90%  WALL  aO  CIRC  020 

• 

•  • 

■ 

26. 4N 

127 .66 

• 

223 

091208? 

26. 9N 

128. 4E 

lror 

-  POOR  FIX  SPRL  CUF  MOO  ALL  QUAD 

T420  MOV  N 

• 

•  • 

* 

26  »2N 

12  7.76 

• 

224 

0913002 

27, 2N 

128. 7E 

lror 

-  1Q711 

• 

♦  • 

* 

26.2N 

127 .66 

225 

0913002 

?7.2N 

128. 7E 

lror 

•  10612 

• 

•  • 

* 

26. 4N 

129*56 

226 

091300? 

27.3N 

IZB.SE 

lror 

*  GOOD  FIX  90%  WALL  CLO  CIRC  016 

* 

•  • 

26. 4N 

127*66 

* 

227 

091308? 

27.5N 

IZB.SE 

lrur 

-  POOR  FIX  SPRL  CUF  MOO  ALL  QUAD 

T42Q  MOV  N 

* 

•  • 

• 

26. 2n 

127*76 

* 

226 

091332Z 

27. 4N 

IZB.sE 

LROR 

*  GOOD  FIX  90%  WALL  CLD  CIRC  D2Q 

• 

*  * 

26.4N 

127.66 

• 

229 

0914007 

27. 5N 

IZB.SE 

lrur 

-  11831 

•  " 

* 

2b«2N 

127.66 

230 

0914007 

27. bN 

IZB.sE 

lrur 

-  10712 

• 

• 

28. 4^ 

129.56 

• 

95 


231 

091400Z 

27. 6N 

128>4e 

lnur 

~  BOOD  FIX  WALL  ao  CIRC  02Q 

• 

.  . 

• 

26*4N 

127«bb 

. 

232 

09U3ft7 

27, 7n 

128>«C 

lhor 

*  GOOD  FIX  75S  WALL  ao  CIRC  D20 

- 

• 

26.4N 

127«8E 

• 

233 

091500Z 

27. 8N 

I28.se 

L8UR 

"  10811 

- 

a  • 

- 

26. 2N 

127.8E 

* 

234 

091S00Z 

27.8N 

128.se 

LI^OR 

-  10712 

• 

•  • 

• 

2B«4N 

U9.5E 

• 

235 

091500Z 

28. ON 

128. 3t 

LROd 

*  GOOD  FIX  70S  WALL  CLD  CfRC  D20 

• 

•  « 

• 

26.4N 

127. 8E 

• 

236 

091527Z 

27. 5N 

128. SE 

SAf 

UR  data  ) 

PCN 

1 

unsp 

237 

091527Z 

2b. 2N 

128. ♦£ 

SAT 

UR  DATA  > 

PCn 

3 

*>MSP 

23b 

09I527Z 

27. 9n 

128. SE 

SAT 

UR  data  ) 

PCN 

1 

umsp 

239 

09I527Z 

27. 3n 

128. aE 

SAT 

UR  UATA  1 

PCN 

1 

OMSP 

246 

091534/ 

?b*iN 

128. 3E 

LRUR 

•  GOOD  FIX  7{K  WALL  CLD  CIRC  020 

- 

-  • 

26. 4N 

127.8E 

• 

241 

091600? 

?b*2N 

128. 3E 

lhor 

-  IQ811 

• 

•  • 

26.2N 

127.bE 

• 

242 

091600Z 

?b.2N 

128. 4E 

lror 

-  10622 

• 

•  « 

2b«4N 

129.5E 

• 

243 

09160S7 

2b.4N 

128. lE 

L»1UR 

-  6000  FU  60S  HALL  CLD  CIRC  D20 

• 

26.4N 

127.8E 

244 

091630Z 

2b.4N 

128. lE 

tROR 

-  POOR  FW  15X  WALL  CLD  CIRC  015 

• 

«  «» 

26. 4N 

127.8E 

245 

091650Z 

2b.0N 

128. 7E 

P 

5  5  700  ^60  95  IBO 

IS 

•  — 

— 

916 

2Ja 

2b 

13 

CIRC 

13 

13 

246 

091700Z 

2e.6N 

128. lE 

lror 

-  11811 

- 

•  • 

26.2N 

127. bt 

247 

091700Z 

28. 7N 

128. 2E 

LRDR 

-  10632 

- 

<•  * 

2B.4N 

129. bE 

• 

24b 

091H00Z 

29, IN 

127. >>E 

lndr 

-  2194/ 

- 

•  • 

26.2N 

127. bE 

• 

249 

09I800Z 

29. IN 

127. SE 

LRDR 

-  10612 

- 

•  • 

2b. 4N 

129.5E 

• 

250 

091900Z 

29. 5N 

127. sE 

lrur 

-  3//// 

• 

•  • 

26.2N 

127.be 

• 

251 

091900Z 

?9.4N 

127. 6E 

LRUR 

-  20762 

“ 

-  • 

2b*4N 

U9.5E 

- 

252 

0920007 

29. 7n 

127. lE 

lrur 

-  31864 

- 

-  - 

28. 4N 

129.5E 

• 

253 

092100/ 

29. 9N 

126. SE 

lror 

-  20814 

• 

•*  - 

• 

2e.4N 

129.se 

• 

254 

0921S0Z 

31.0N 

126.9E 

SAT 

UR  DATA  ) 

PCN 

4 

UMSP 

255 

092151Z 

30. 7n 

126. SE 

SAT 

U5.0/6.U  /«l.U/25hKS} 

PCN 

6 

UMSP 

256 

092200Z 

30.2N 

126. 2E 

LRUH 

-  35//5 

•  • 

• 

2a*4N 

129.5E 

• 

257 

092220Z 

30. 2n 

126. 6E 

P  10  10  700  IbU  U3  ISO 

15 

13U  310 

10 

93d 

256 

26 

15 

CIRC 

16 

13 

25b 

09222QZ 

30.3H 

126. 3E 

SAT 

U5«0/6.0-/h4.U/24HRS| 

PCN 

5 

UM$P 

259 

0922292 

30. 9N 

126. sE 

SAT 

<15.5/6.5  /«i.5/24KHSl 

PCN 

5 

UMSP 

260 

092229Z 

30.aN 

126. ME 

SAT 

<T5. 5/6.5  /Ni.U/24nMS> 

PCn 

3 

UMSP 

261 

loouiz 

30. ON 

12S.0E 

SAT 

<16.5/6.5  /S  /25HRS1 

NOAA-S 

(CONF  02) 

262 

100122Z 

31. 2n 

I2S.4E 

SAT 

<1R  DATA  > 

PCN 

5  N0AA>5 

263 

100228Z 

30. 7N 

124. 7E 

SAi 

<1R  DATA  ) 

PCN 

5 

UMSP 

264 

1002282 

30.8N 

124. 8E 

SAT 

<1R  DATA  » 

PCN 

3 

UMSP 

265 

1002282 

30. 9N 

124. aE 

SAf 

<IR  DATA  1 

PCN 

3 

UMSP 

266 

100405Z 

30. SN 

124. SE 

P 

-  -  700  -  90  - 

- 

00  • 

• 

- 

- 

• 

• 

• 

-  • 

• 

14 

267 

1010352 

31.0N 

123.se 

SAT 

<IR  data  1 

PCN 

5 

UMSP 

26b 

1011122 

31.1N 

123. 3E 

saT 

<IR  DATA  ) 

PCN 

3 

UMSP 

269 

1011122 

31.2N 

123. 4E 

SAT 

<IR  data  > 

PCN 

3 

UMSP 

270 

1011122 

31.2N 

123. OE 

SAT 

UR  DATA  1 

PCN 

t 

UMSP 

271 

ioin?z 

3U0N 

122  .«£ 

SAT 

UP  DATA  I 

PCn 

4 

UMSP 

272 

1012022 

31. ON 

123. 4E 

SAT 

UH  DATA  ) 

PCN 

3 

N0AA>S 

273 

101212Z 

31.1N 

123. 2E 

SAf 

UR  DATA  1 

NOAA-5 

(COHF  01) 

274 

101510Z 

31.3N 

122  .9E 

SAf 

UR  DATA  ) 

PCN 

5 

UMSP 

275 

loisioz 

31.2N 

122. 6E 

SAI 

(IR  OATa  } 

PCn 

5 

UMSP 

27o 

102211? 

31.9N 

121. 7E 

SAf 

UR  OATA  ) 

PCN 

3 

UMSP 

277 

1022112 

31. 9N 

121.9E 

SAT 

<IR  OATA  1 

PCN 

3 

UMSP 

27b 

1022122 

31.6N 

121. SE 

SAT 

<IR  DATA  ) 

PCn 

5 

UMSP 

279 

1100272 

31.8N 

121. SE 

SAT 

<T5«0/6.5  /Wi*5/23MHS> 

NOAA>5 

(CONF  02) 

2b0 

1100382 

31.9N 

121. HE 

SAT 

<1R  OATA  1 

PCN 

5 

NOAA.5 

2bl 

1102102 

.32.1N 

120.7E 

SAT 

<IR  OATa  I 

PCN 

3 

UMSP 

2b2 

1102102 

31.BN 

12U.8E 

SAT 

<|R  OATA  1 

PCN 

3 

UMSP 

283 

1110542 

31. 7N 

119. 3E 

SAf 

<1R  OATA  > 

PCN 

3 

UMSP 

2b4 

U2155Z 

31.1N 

117. 2e 

SAI 

<!R  DATA  I 

PCN 

5 

UMSP 

205 

1201512 

30.9N 

116. 2E 

SAT 

<IR  OATA  1 

PCN 

5 

NQAA-5 

206 

1212302 

30.0N 

1U.4E 

SAT 

<!R  DATA  ) 

PCN 

6 

NOAA-5 

20  7 

1301072 

29, 7N 

IIU.OE 

$Al 

<1R  DATA  1 

PCN 

S 

NQAA9^ 

96 


TRUPICAL  storm  CARLA 
FIX  POSITIONS  FOR  CYCLONt  NO*  W 
00002*03  S£P  TO  OOOUZ'OS  SEP 


MAX  DBS 

MAX  DBS 

DBS 

FIX 

FIX 

aCCRY  fix  FLT  LVU  MlNO 

SFC  BIND 

MlN 

NO* 

TIME 

POSIT 

CAT 

NAV.MET  LVL  UIH  VEL  BRO 

RNG 

VtL  BR6 

RNB 

SLP 

i 

302156Z 

li«6N 

131.9E 

SAT 

TTl.O/l.O 

/  /  MRS) 

PCN 

5 

DMSP 

2 

3100567 

13. 7N 

131<*E 

SAt 

<IR  DATA 

) 

PCN 

6  NOAA-5 

3 

310201? 

14. 6N 

129.6E 

SAT 

(IR  DATA 

i 

PCN 

5 

DHSP 

4 

311039? 

14. 8N 

130<0E 

SAT 

<1R  DATA 

) 

PCN 

5 

DMSP 

s 

311136? 

14.0N 

129. 6E 

SAt 

(IR  DATA 

1 

PCN 
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6 
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DMSP 
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) 
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DHSP 
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) 
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31 
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1 
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) 
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33 
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34 
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) 
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128. 2E 
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) 
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37 

1411282 
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UR  DATA 

) 
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1 
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1 
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41 
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) 
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42 
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SAT 
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) 
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OMSP 

43 

1422312 

19. 4N 

124.5e 
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) 
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UHSP 

44 

1422452 

19. 4N 

124. 7E 
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4S 

1422452 

19,9N 

124. 3E 
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46 

1422452 

I9.3N 
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47 
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124. oE 
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121.7E 
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) 
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UMSP 

65 

1S2228Z 

17.3N 
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17. 9N 
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146. 5E 

SAI 

UN  data 

> 

PCN 

3 

UMSP 

6B 

0309187 

26. IN 

1*0. lE 

SAI 

ilN  data 

) 

PCN 

3 

UMSP 

69 

0309207 

26.19 

l4b,isE 

SAI 

UR  DATA 

) 

PCN 

6 

UMSP 

70 

0309217 

26,lN 

146.1E 

SAI 

UR  DATA 

1 

PCn 

3 

UMSP 

71 

032351/ 

24.69 

143. SE 

SAI 

UR  data 

1 

PCN 

3 

UMSP 

72 

04103] Z 

24.1N 

141. 3£ 

SAl 

UR  data 

) 

PCN 

3 

UMSP 

73 

0423077 

23.6N 

139. 2E 

SAI 

UR  data 

1 

PCN 

3 

UMSP 

7a 

060019/ 

23. 2n 

134. 5E 

SAT 

UN  data 

) 

PCn 

3 

UMSP 

POSl  I 
Oh 

RAOAK 


MSN 

NHB^ 


I 


P 


3 
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lYPrtOON  KiM 

FI*  positions  for  CYCloNt  No*  10 

0p0UZ‘06  NOV  TO  OOOUZ  i/  NOV 


MAX  OHS 

HAX  08S 

08S 

MIN 

flt 

POSIT 

F  1* 

FU 

accry  fix 

FLT  LVL  vlNO 

STL  ifiNO 

HIM 

700NH 

LVL 

lYl 

ORIIN- 

lYfc 

OF 

MSN 

NO. 

riMF 

POST  r 

CAT 

nav-met  lvl 

OIK  vEL  HP6 

Png 

VlLBRG  PNG 

SLP 

HGi 

Tl/TO 

FORM 

) A1 lUN 

Di^ 

madap 

NH8P 

1 

0321557 

7.2N 

156.1E 

SAT 

H  0/  0  / 

/  HPS) 

PCN 

5  NOAA-5 

2 

0409042 

b.4N 

154. 5E 

SAT 

HP  data 

) 

PCN 

6  UNSP 

3 

041031Z 

B.8N 

153.8E 

SAT 

HP  data 

1 

PCN 

S  NOAA-5 

H 

0414157 

9.2N 

153.21 

SAT 

TIP  DATA 

1 

PCN 

5  UNSP 

b 

0420047 

10. IN 

152. l£ 

SAI 

tT2. 0/2.0  / 

/  HKS) 

PCN 

6  UHSP 

6 

0421337 

10. 3N 

151.81 

SAf 

HP  data 

) 

PCn 

6  NOAA-4 

7 

04225O2 

9.4N 

153.11 

P 

5  12  150U 

300  38  230 

25 

2U  240  20 

100/ 

- 

22  22 

•  * 

2 

8 

0423092 

9.5N 

153. lE 

SAT 

HP  data 

) 

PCN 

5  NOAA-5 

9  ObOllSZ 

10  ObOHAAZ 
IX  050947Z 
Id  051357Z 
IJ  05212OZ 
14  05221QZ 

lb  0600412 
lb  0600S>^Z 
1?  0603102 

1»  060829Z 

IV  0608292 

20  0610302 

21  06U027 

>2  0613397 

23  0615107 

24  0620362 
2b  0621122 

26  0623307 

27  06233*^2 

26  070040Z 

2V  0702582 

10  0709327 

31  0709542 

32  07101SZ 

11  0713222 

34  0715082 

3b  072055Z 

36  0721UZ 

37  072247Z 

38  0722512 

39  080010Z 

40  0800357 

41  080110Z 

42  0801357 

43  080203Z 

44  0802042 

45  0802042 

46  0802102 


V,9N  152*5E 
ll.ON  152*9E 
li.ON  I52*6t 
ll*2N  152*4E 
10*5N  153*9£ 
U*7N  154*6E 
10*2N  153*hE 
1U*4N  153«3E 

10. BN  153«1E 
11.2N  153.1E 
11.4N  152-4E 
11. 3N  152*oE 
11.9N  152*0E 

11. eN  151*5E 
11. 4N  151*7E 

11. Sn  1S1*A& 
12.0N  150*8E 
12.0N  15v«S£ 
12.0N  150*4e 
12.2N  15U*1E 
12.4N  150«4E 
12.8N  149«4E 
12. 8N  149. 6E 
12. 8N  14V.2E 
13. ON  l4b.8E 
12.7N  148.9E 
13. IN  147.6E 
13. ON  147. 8E 
12. 9n  147. 6E 
13. 2N  147.5E 
13. 2N  146«9E 
13.3N  147.o£ 
13.3N  146. TE 
13. 3N  146.5C 
13. ON  147.1E 
13.3N  147. OE 
13. 3N  147.6E 
13.3N  146«5£ 


SAT 

SAT 

SAT 

SAT 

SAt 

SAT 

P 

SAT 

P 

SAT 

SAI 

SAl 

SAT 

SAT 

P 

P 

SAT 

SAT 

SAT 

SAT 

P 

P 

SAT 

SAT 

SAl 

P 

SAf 

P 

SAT 

SAf 

lhun 

LRUR 

lruh 

lror 

SAT 

SAT 

SAI 

LROR 


HR  DATA 
(IR  DATA 
HR  DATA 
HR  data 
(T2. 0/2.0  / 
ITI. 0/1.0  / 
5  20  1500 

HR  DATA 
5  40  7U0 

HR  DATA 
HR  DATA 

HP  data 
HP  data 
HR  DATA 
10  6  700 

8  2  70U 


1 

1 

) 

1 

HRS) 

HRS) 


260 

25 

180 

210 

28 

lU 

) 

) 

110 

50 

) 

) 

50 

120 

30 

60 

PCN  5  PHSP 
PCN  6  UMSP 
PCN  6  NOAA-5 
PCN  5  DMSP 
PCN  6  NOM-5 
NOAA-5 
25  160 

5  UHSP 
25  160 

6  DhSP 
6  OMSP 
5  NOAA-5 

NOAA-5 
S  OHSP 


50 

PCN 

120 

PCN 

PCn 

PCN 


(CONF  02) 

50  1004 


99»  307  11  10 


PCN 

25 

50 


(CONF  02) 


3b  360  10 


9V4 

992 


304 

302 


10  11 
18  12 


ElIP  N-S  15*10 


(T3.0/3.U  / 

/ 

HKS) 

PCN 

5  UHSP 

(T3.U/3,0  /02 

.0/25HKS) 

NOAA-5 

(CONF  01) 

HR  DATA 

) 

PCn 

5  NOAA-S 

HR  data 

) 

PCn 

5  UHSP 

S  5  700  36U 

25  290 

30 

2b  290 

30 

995 

303 

18 

13 

3  5  700 

80 

35  30 

25 

- 

- 

q92 

302 

17 

12 

HR  DATA 

) 

PCN 

5  UHSP 

TIP  DATA 

) 

PCN 

5  NOAA-5 

HR  data 

) 

PCn 

5  UHSP 

IS  10  7O0 

40 

40  280 

12b 

- 

• 

99b 

304 

14 

11 

tT4, 0/4.0  /Di 

.U/24HKS] 

PCn 

S  UHSP 

14  13  700 

10 

40  330 

20 

-  - 

- 

980 

29i 

14 

13 

(T3.0/3.0  /S 

/23HHS) 

NOAA-5 

(CONF  01) 

(IP  data 

) 

PCn 

6  NOAA-5 

4  7 

080235Z 

13.3N 

lkur 

48 

0802542 

13.2N 

i*6.5e 

p 

49 

0803102 

13.3N 

1*6. 3E 

lror 

50 

0803352 

13.3N 

1*6. 2E 

lrur 

51 

0804107 

13.3N 

1*6. lE 

lkdr 

52 

08043S2 

13«3'<) 

1*6. hE 

lrdr 

53 

080S10Z 

13. 2N 

1*6. nE 

lkdr 

54 

080S3SZ 

13.2N 

1*5. nE 

lrur 

55 

080610? 

13.2N 

1*5. be 

lkdr 

56 

0806357 

13.2N 

1*5. 7E 

lkdr 

57 

080710Z 

13.2N 

1*5. SE 

LKDP 

58 

0807352 

13.2N 

1*5. 5E 

lrdp 

59 

0808102 

13.3N 

1*5. SE 

lrur 

bO 

080831Z 

13. 3N 

1*S.3E 

p 

61 

0806352 

13. 4N 

1*5. *E 

lkdr 

62 

0609102 

13.4N 

1*5. 3E 

lkdr 

63 

0809352 

13.5N 

1*5. 3£ 

lkuq 

64 

0809372 

13.4N 

1*5. 3E 

SAT 

6b 

0810352 

13. 5N 

1**.9£ 

LHUfl 

66 

081I06Z 

)3.SN 

1**.8E 

lhuh 

67 

081 1282 

13. 5N 

1**.7E 

SAT 

68 

0811302 

13. 3N 

1*«.9E 

SAT 

69 

08113SZ 

13.5N 

1*».8E 

lkdr 

70 

0812067 

1  3.6N 

1*».8E 

lkdr 

71 

0812352 

13.6N 

1**.6E 

lrdr 

72 

08130H7 

13. 7N 

l**.*E 

lkdr 

73 

0813352 

13. 7N 

l**.3E 

lrdr 

74 

0814102 

13. 7n 

1**.0E 

lrdr 

75 

081446? 

13.6N 

1*3. <)E 

SAT 

76 

0B1535Z 

13. 7n 

1*3. 7E 

lkur 

77 

0816357 

l3.eN 

1*3. 3E 

lkdr 

78 

0817357 

13. 7N 

1*3. lE 

lhdr 

79 

0819107 

13. 8N 

1*3. SE 

lkur 

80 

0819357 

13.8N 

1*3. 7E 

LRUR 

81 

082035Z 

13.8N 

1*3. 5E 

lrur 

82 

0820382 

13.9N 

1*3. 3E 

SAT 

83 

0822102 

13. 9N 

1*3. 3E 

lrdr 

84 

0822352 

14, ON 

1*3. oE 

lkur 

85 

0823182 

14.0N 

1*1. BE 

SAf 

86 

0823582 

14. 3N 

1*3. 3E 

SAf 

87 

0900042 

14.0N 

1*1. 6E 

SAT 

8b 

0901462 

14. ON 

1*1. 3E 

SAT 

89 

090146Z 

1  4. ON 

1*1 -be 

SAT 

90 

09023K2 

14.2N 

1*1).  9E 

P 

•  PSBL  CENT  POOR  FIX  I  *  I  I 

-  lOO^SPIRAL^OVERLAY  EYE  FAIR  FIX  70%  WALL  CLD  CIRC  D25  MVHT  270/13  WAL-t  CLO  iptN  SE  - 

•  EYE  IQO  SPRL  GOOD  FIX  CIRC  D20  80%  WALL  CLD  -  •  .  - 

(T4. 0/4,0  /  /  HRS)  PCn  6  UHSP 

HR  DATA  )  PCN  5  DhSP 

H4.0/4.0  /  /  HRS)  PCN  I  UHSP 

-  EYE  10  DEG  SPRL  FAIR  FIX  CIRC  D20  80%  WALL  CLD 

-  EYE  10  DEG  SPRL  FAIR  FIX  CIRC  020  80%  WALL  CLD 

2  3  700  20  33  250  70  4b  270  SO  981  292  12  U 

-  EYE  10  DEG  SPRL  FAIR  FIX  CIRC  020  70%  WALL  CLD 

•  EYE  120  SPRL  FAIR  FIX  CIRC  015  80%  WALL  CLD 

-  EYE  100  SPRL  FAIR  FIX  CIRC  D15  70%  WALL  CLD 

-  EYE  15°  SPRL  FAIR  FIX  CIRC  020  60%  WALL  CLD 

•  EYE  lOO  SPRL  GOOD  FIX  CIRC  D12  80%  WALL  CLD 

-  EYE  15°  SPRL  FAIR  FIX  CIRC  010  70%  WALL  CLD 

-  EYE  10®  SPRL  FAIR  FIX  CIRC  DIO  100%  WALL  CLD 

•  EYE  10®  SPRL  GOOD  FIX  CIRC  D13  90%  WALL  CLO 

-  EYE  10®  SPRL  FAIR  FIX  CIRC  015  70%  WALL  CLD 

-  EYE  10®  SPRL  FAIR  FIX  CIRC  015  70%  WALL  CLD 

-  EYE  10®  SPRL  GOOD  FIX  CIRC  015 

2  3  700  27v  44  140  30  *  *  -  97  /  28^  l4  11 

-  EYE  10®  SPRL  GOOD  FIX  CIRC  010 

-  EYE  10®  SPRL  GOOD  FIX  CIRC  010 

-  EYE  10®  SPRL  GOOD  FIX  CIRC  012 

H«  data  )  PCN  3  WHSP 

-  EYE  GOOD  FIX  CIRC  018  802  WALL  CLD  EYE  OVER  N  PORT  GUAM 

-  EYE  GOOD  FIX  CIRC  018  90%  HALL  CLD  EYE  CENTER  OVER  GUAM 

HP  data  )  NOAA-5 

HP  DATA  )  NOAA-5  {CONF  01) 

-  EYE  10®  SPRL  OVRLAY  FAIR  FIX 

-  EYE  GOOD  FIX  D22  80%  WALL  CLO 

-  EYE  GOOD  FIX  CIRC  020  60%  WALL  CLO  OPEN  NW 

-  EYE  GOOD  FIX  ELIP  AXIS  25/15  60%  HALL  ao  OPEN  SE 

-  EYE  GOOD  FIX  CIRC  022  70%  HALL  CLO  OPEN  E 

-  EYE  GOOD  FIX  CIRC  018  70%  HALL  CLD  OPEN  E 

4IR  DATA  )  PCN  5  UMSP 

-  EYE  GOOD  FIX  ELIP  25/18  80%  HALL  CLD 

-  EYE  GOOD  FIX  ELIP  AXIS  30/20  60%  WALL  CLD 

-  EYE  GOOD  FIX  ELIP  AXIS  25/15  70%  HALL  CLD 

-  EYE  GOOD  FIX  ELIP  AXIS  25/17  70%  HALL  CLO 

-  EYE  GOOD  FIX  ELIP  AXIS  25/15  70%  HALL  CLO 

-  EYE  FAIR  FIX  D20  40%  HALL  CLD 
(T5. 0/5.0  /O1.0/24MMS)  PC»«  I  UMSP 

-  EYE  FAIR  FIX  CIRC  D20  40%  HALL  CLO 

-  EYE  FAIR  FIX  CIRC  D20  50%  WALL  aO 


<1K  DATA  > 
<T4. 5/4.5  /D1.3/25HHS) 
4IH  DATA  ) 
4T5. 0/5.0  /  /  HHS) 
(T5.0/5,0  /01.U/24HHS) 

2  5  700  180  91  120 


PCn  1  NOAA-4 
NOAA-5 
PCN  I  NOAA-5 
PCn  I  DHSP 
PCN  1  dmsp 

10  lio  360 


(CONF  01) 


13.6N  I44*9b 
13. 6N  1«4»9E 
13.6N  144.9E 
13. 6N  144. 9t 


13.6N 

13.6N 

13. 6N 
13*6n 
13.6N 
13.8N 
I3.6N 
13.6N 
13.6N 
13*6N 
13*6N 
13*6N 
13.6N 

13. 6N 
13.6N 
13.4N 

13. 6N 
13.6N 


144. 9E 
144.9E 

144. 9E 
144. 9E 
144.9E 
144.9E 
144.96 
144.9E 
144.9E 
144. 9E 
144.96 
144.91 
144.91 

144.91 

144.91 

144.91 

144.9E 

144.9E 


13. 6N  144.91 
13.eN  144.91 
13.6N  144.91 
13.0N  144.91 
13. 6N  144.91 
13.6N  144.91 

13. 6N  144.91 
13. 6N  144.91 
13. 6N  144.91 
13. 6N  144.91 
13.6N  144.91 
13.6N  144. 9E 

13.6N  144. 9E 
13.6N  144.91 


939  25«>  16  13  CIKC 
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91 

090919Z 

14. 2^ 

139. 9e 

SAT 

(IP  OAT* 

) 

PCK 

6  UHSP 

9^ 

0909207 

14.4N 

136.7E 

SAT 

»IH  DATA 

) 

PCfi 

6  OMSP 

93 

0910447 

14. 6N 

136. 8E 

SAT 

oata 

) 

PCN 

1  NOAA-5 

9« 

09104B7 

13.7N 

13B.9E 

SAt 

(IR  UATa 

) 

NOAA-5 

(CONF  02) 

95 

0914287 

14. 8N 

13?*8£ 

SAT 

UR  UATA 

) 

PCN 

1  UHSP 

9b 

0914287 

14. 8N 

137. 9E 

SAT 

UR  OATa 

) 

PCN 

1  UHSP 

9/ 

0914357 

13.BN 

1*3. 9E 

P 

2  b  700 

10  54  280 

28 

-  « 

972 

28* 

16 

11 

CIHC 

2? 

g 

96 

0922027 

1b.2N 

136. OE 

SAT 

U6.0/6.O  /DI 

•0/2SrtKS) 

PCN 

1  UHSP 

99 

0922027 

15. IN 

135.ftE 

SAT 

U6.0/6.0  /Di 

.U/20HWS) 

PCn 

1  UHSP 

100 

0923207 

15. ON 

135. 7E 

SAT 

IIR  data 

) 

PCn 

1  N0AA>5 

101 

100013Z 

14. 9N 

135. *t 

SAT 

<IR  OATA 

1 

PCN 

1  NOAA-A 

(CONF  02) 

10^ 

10O11O7 

14. SN 

13b. 2E 

SAT 

U6.0/&.U  /01 

•5/25HHS) 

N0AA>5 

lOJ 

1001297 

14. 9N 

135. *£ 

SAT 

<IR  OATA 

) 

PC»' 

1  UHSP 

104 

lOOjlOZ 

15. 2n 

134. 7E 

SAI 

<IR  data 

) 

PCN 

1  UHSP 

105 

100328Z 

\4.8N 

13*. SE. 

P 

2  3  700 

SO  1\0  290 

2* 

120  290 

25  929 

24/ 

la 

IS 

CIHC 

30 

11 

10b 

101044Z 

14. 8n 

133. *E 

SAT 

UR  data 

) 

PCN 

1  UHSP 

107 

1O1044Z 

14. 9N 

13i«6t 

SAT 

UR  data 

> 

PCn 

1  UHSP 

lOH 

101044Z 

14. 8N 

133.6E 

SAT 

UR  OATa 

) 

PCN 

1  UHSP 

109 

101156Z 

14.9N 

133. l£ 

SAT 

UR  OATA 

) 

PCN 

1  N0AA>5 

110 

101200Z 

14.8N 

132.9E 

SAT 

UR  OATa 

) 

N0AA>5 

(CONF  01) 

III 

IQUlOZ 

15.0N 

132. 7E 

SAT 

UK  data 

) 

PCN 

1  UHSP 

112 

101520Z 

14. SN 

132. 7E 

P' 

S  S  700  320  9S  290 

20 

-  - 

-  919 

23B 

17 

15 

ELiP 

N-S 

40X30 

12 

113 

102145Z 

14. 7N 

131. 7E 

SAT 

ITb. 5/6.5  /OO 

.5/24MKS) 

PCN 

1  UHSP 

114 

1021457 

14,7N 

131 .SE 

SAT 

U6.5/6.5-/O0 

•5/24HHS> 

PCN 

1  UHSP 

115 

102313Z 

14, 8N 

13i.6E 

SAT 

UH  DATA 

> 

PCN 

1  N0AA>4 

115 

11U026Z 

14. 9N 

131.SE 

SAT 

<T6.5/6.5  /OO 

.5/23MHS> 

NOAA-5 

(CONF  02) 

117 

110032Z 

14.aN 

131. SE 

SAT 

UR  OATA 

» 

PCN 

t  NQAA-5 

116 

U02S3Z 

14. 8N 

131. 2E 

SAT 

UR  data 

t 

PCN 

1  UHSP 

119 

1102532 

14. 8N 

131. OE 

SAT 

UR  data 

I 

PCN 

1  UHSP 

12U 

110345Z 

14, 7N 

131.1E 

P 

5  5  700 

50  105  310 

40 

45  320 

150  925 

24* 

16 

13 

elip 

N-S 

35X3U 

13 

121 

IU027Z 

14.7N 

130.3E 

SAT 

UR  data 

1 

PCN 

1  UHSP 

122 

1110277 

14,8N 

13U.3E 

SAT 

UR  data 

1 

PCN 

1  UHSP 

123 

11I112Z 

14. 7N 

130. lE 

SAT 

<1R  OATa 

1 

PCN 

1  NOAA-S 

124 

1111162 

14.8N 

l29.eE 

SAT 

UR  DATA 

) 

NOAA-S 

(CONF  01) 

125 

1115102 

14, 6N 

130.0E 

P 

2  2  700  350  93  260 

70 

•  - 

-  939 

25B 

16 

13 

ElIp 

jSxla 

1* 

I2b 

111534Z 

14, 7N 

129.8E 

SAT 

UR  OATA 

) 

PCN 

1  UHSP 

127 

1115342 

14. SN 

129. 7£ 

SAT 

UP  OATA 

) 

PCN 

1  UHSP 

126 

112053Z 

14. 6N 

129. *E 

P 

2  2  700 

20  92  260 

30 

•  - 

-  940 

256 

17 

12 

ELIP 

S«.>Nk 

25X20 

14 

129 

U2128Z 

14. TN 

128.8E 

SAT 

UR  OATA 

1 

PCN 

1  UHSP 

130 

1121282 

14. 9N 

128. sE 

SAT 

CTS.5/6.S  /Hi 

•0/24HRS> 

PCN 

1  UHSP 

131 

112310? 

14. 4N 

126. 9E 

SAt 

(TS.0/6.0  /Hi 

•5/2SHRS1 

PCN 

3  UHSP 

132 

1123427 

14.8N 

129. 2E 

SAT 

US.5/6.0  /Hi 

.0/23MHS) 

NOAA-5 

(CONF  01) 

133 

112348? 

14. 7N 

129.1C 

SAT 

(T5.0/6.0  / 

/  HHS) 

PCN 

3  NOAA-5 

134 

1200082 

14.6N 

128.8E 

SAI 

ilR  OATA 

) 
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PC9  4  UMSP 
PCN  6 

PCN  4  HOWUS 
NOM-5 
PCN  6  OMSP 
SMS-2 

45 


TOO  340  82  260 

15^^  SPRL"  OVRLY  PSBL  EYE  POOR  FIX 
15°  SPRL  OVRLY  PSBL  EYE  POOR  FIX 
150  SPRL  OVRLY  PSBL  EYE  POOR  FIX 
15°  SPRL  OVRLY  PSBL  EYE  POOR  FIX 


26^  17  10  CIKC 


(CONF  01) 

(60  KM) 

964  271  13  11  E.LIP 


15 


U5. 0/5.0  / 
UR  OATA 
(14.0/4*5  / 
U3.5/4.5  / 


/  HRS) 
) 

/  MRS) 
/  MKS) 


(T4. 0/5.0  /Ni*0/25HNS) 


PCN  5  NOAA'S 
PCN  5  OM5P 
PCN  6  UMSP 
$MS-2 
NOAA-5 


8.7n  167.7E 
b«7N  107.7E 
b.7N  167. 7E 
b.7N  167. 7£ 


(40  NM) 
(CONF  01) 


112 


91 

25223S2 

1  U.2N 

167.8E 

SAT 

CT5. 0/5.0  /5 

/25MHS) 

PCh  6  NOAA-5 

9^ 

2523257 

11I.3N 

167.4e 

LRDR 

-  15®  SPRL  OVRLY  PSBL  EYE  POOR  FIX 

8.  /N 

167. /E 

93 

25234H2 

1  0»4N 

167. lE 

SAT 

(T4. 0/5.0  / 

/  MRS) 

PCN  6  UMSP 

94 

26002<tZ 

10,2N 

167. 2E 

tRUH 

-  15°  SPRL  OVRLY  PSBL  EYE  POOR  FIX 

H*  7n 

lo  7 . 7E 

9d 

2601302 

J0,2N 

167. OE 

LROR 

-  150  SPRL  OVRLY  PSBL  EYE  POOR  FIX 

. 

_  ^ 

8.  /N 

16/.7L 

96 

2602152 

10*6N 

16b. 8E 

SAT 

IIK  DATA 

) 

SMS-2 

(60  NM) 

97 

2602252 

lO.lN 

166.8E 

lror 

-  15®  SPRL 

OVRLY  PSBL  EYE  POOR  FIX 

• 

_  „ 

8.  7n 

ib7,7E 

90 

2603572 

lO.lN 

166. 6£ 

p 

5  15  700 

20  82  270 

15  Bb  360 

20 

9// 

28? 

28 

21 

• 

.  * 

99 

2604252 

lO.ON 

166.1E 

lror 

-  15®  SPRL  OVRLY  PSBL  EYE  POOR  FIX 

. 

• 

8.  7N 

167.7E 

100 

2605252 

lO.ON 

166.1E 

lror 

-  15®  SPRL  OVRLY  PSBL  EYE  POOR  FIX 

. 

b.7N 

167. /E 

y 

lui 

2609152 

9.6N 

165. lE 

SAl 

<1R  DATA 

) 

PCn  t>  NOAA-5 

102 

2609152 

9.5N 

16b. lE 

SAT 

Up  data 

) 

NOAA-5 

103 

2612302 

9«4N 

164. 5E 

SAT 

<IR  DATA 

) 

RCh  5  OMSK 

104 

2614152 

B.9n 

184. oE 

SAI 

<IR  DATA 

1 

SMS-2 

(60  NH) 

lUb 

2614372 

9«3N 

164.1E 

P 

5  15  700 

10  55  2/0 

25  -  • 

• 

9B/ 

290 

16 

15 

- 

• 

5 

106 

2620252 

6.5N 

162.6E 

SAf 

n3.5/4*b  / 

/  HRS) 

PCN  6  OHSP 

107 

2620282 

B«3N 

162.4E 

SAI 

n4«0/5«0  / 

/  MRS) 

RCN  6  UHSR 

10» 

2621472 

9.BN 

162.8E 

SAT 

(T3«5/4«b  /MU 

•b/23HRS) 

NOAA-5 

(CONF 

02) 

109 

2621512 

B«6N 

162. 2E 

SAT 

<IR  DATA 

) 

HCN  5  NOAA-5 

110 

2/01122 

B.7N 

161. 3£ 

SAT 

<IR  DATA 

) 

PCN  6  OMSP 

111 

2703312 

9,0N 

160.2E 

P 

5  3  700  150  56  50 

50  60  5O 

60 

991 

301 

IS 

14 

- 

•  • 

- 

6 

112 

2709102 

9. ON 

15B.3E 

SAT 

UR  data 

) 

PCn  6  UHbP 

113 

2709102 

9.3N 

15B.4E 

SAT 

<IR  UATa 

) 

PCN  6  OMSP 

114 

271027Z 

9,7N 

157. 9E 

SAT 

UR  data 

) 

PCN  5  NOAA-5 

11^ 

2710302 

9.2N 

15B.2E 

SAT 

UR  data 

) 

NOAA-5 

(CONF  01) 

116 

2713542 

9. ON 

156.6E 

SAT 

UR  DATA 

) 

PCN  6  Um$P 

117 

2713542 

9.0N 

156.1E 

SAT 

CIR  DATA 

> 

PCN  6  OMSP 

116 

2714402 

e.7N 

156. 5£ 

P 

5  5  700 

70  57  330 

120 

- 

999 

300 

12 

11 

CIRC 

lb 

7 

119 

2720112 

9.1N 

154. 3E 

SAT 

U3.0/3.5  /MO 

.b/24HRS) 

PCN  5  UMSP 

120 

2720112 

9«0N 

164.0E 

saT 

U3.0/3.5  /Ml 

•  il/24MRS) 

PCN  6  UMSP 

121 

2722592 

9*3N 

t53.7E 

SAT 

U3.5/3.5  /S 

/25M«S) 

NOAA-5 

(CONF  02) 

122 

2723042 

9«0N 

153.6E 

SAT 

<IR  DATA 

) 

PCn  5  NOAA-5 

123 

2600542 

9. IN 

153.5E 

SAT 

UR  data 

) 

PCN  5  OHSP 

124 

2B02322 

9.7N 

152.9E 

P 

15  8  700  ISO  30  130 

20  -  - 

- 

999 

300 

15 

12 

-  - 

• 

8 

12b 

2608532 

9.5N 

150.7E 

SAT 

UR  DATA 

) 

PCN  6  OHSP 

126 

2608532 

9«6N 

150.7E 

SAT 

UR  data 

) 

PC^  6  OMSP 

127 

2609432 

9.7N 

150. bE 

saT 

UR  DATA 

) 

PCN  5  NOAA-5 

126 

2611422 

lO.lN 

IBO.OE 

SAT 

UR  DATA 

) 

NOAA-5 

(CONF  01) 

129 

2613362 

10,2N 

ISO.lE 

SAT 

UR  DATA 

) 

PCN  6  OMSP 

130 

2615212 

11.4N 

149.5E 

P 

10  1  700  l*u  SO  20 

20  -  - 

- 

990 

30U 

10 

11 

tLlP 

bM^Nt 

25Xlb 

9 

131 

2621352 

ll.ON 

14B.4E 

SAT 

1T3. 0/3.0  /S 

/24HRS) 

PCN  6  UMSP 

132 

2821382 

11  .SN 

14e.8E 

SAT 

(T3.5/3.5  /DO 

.5/25HKS) 

PCN  6  UMSP 

133 

2621382 

10.9N 

14B.3E 

SAT 

U3.S/3.5  / 

/  MRS) 

PCn  3  UMSP 

134 

282204? 

ll«3N 

14B.7C 

P 

20  5  700 

70  61  320 

15  /0I2U 

15 

991 

301 

13 

9 

•» 

•  • 

- 

10 

135 

262220? 

11. 5n 

148. 5£ 

SAT 

UR  DATA 

) 

PCN  5  NOAA-5 

136 

290037? 

U.6N 

147.8E 

SAI 

<1R  data 

) 

PCN  6  OMSP 

137 

2902182 

ll.ON 

1*7.6E  S«I 

<IR  data 

) 

PCN  3  OMSP 

136 

290239? 

ll.lN 

147.6E 

P 

10  2  700 

BO  65  340 

26  bO  340 

BO 

984 

294 

14 

12 

CIRC 

16 

lo 

139 

2908102 

ll.SN 

146. 5E 

LRUR 

-  PSBL  EYE 

FAIR  FIX  CIRC  020  60%  WALL  CLO 

- 

•  • 

• 

13. 6N 

144.96 

Uu 

2908352 

ll.SN 

146. 5£ 

tROR 

•  PSBL  EYE  FAIR  FIX  CLIP  AXIS  30/20  70X  HALL  CLO 

• 

•  • 

• 

13. 6N 

144*96 

• 

161 

2909102 

11.4N 

146.26 

lror 

-  EYE  GOOD 

FIX  ELIP  AXIS  30/20  70%  HALL  CLO 

• 

•  • 

• 

13.6N 

144.96 

• 

162 

2909352 

11.4N 

146.26 

LROr 

-  EYE  GOOD  FIX  SLIP  AXIS  25/15  70%  HALL  CLO 

- 

•  • 

•• 

13. 6N 

144.96 

a 

163 

2909392 

11.2N 

145. 9E 

P 

5  3  700 

30  77  330 

till  111  320 

60 

9B4 

29b 

15 

13 

CIRC 

30 

11 

164 

2910102 

11.4N 

145. 9E 

lkor 

-  EYE  GOOD 

FIX  ELIP  AXIS  25/15  60%  HALL  CLO 

- 

•  • 

• 

13. 6N 

144.96 

165 

2910182 

11.3N 

145^96 

SAT 

<IR  data 

) 

PCN  2  UMSP 

166 

2910182 

11.2N 

145.76 

SAI 

UR  data 

) 

PCN  3  OMSP 

167 

2910352 

11.3n 

145.76 

lror 

-  EYE  GOOD  FIX  ELIP  AXIS  25/15  60%  HALL  CLD 

- 

•  • 

• 

13. 6N 

144.96 

• 

166 

2911002 

11.2N 

145.6E 

SAT 

UR  OATA 

J 

PCN  4  NOAA-5 

169 

29111.12 

11.2N 

145.56 

lrur 

•  EYE  GOOD 

FIX  CIRC  025  70%  HALL  CLD 

- 

•  • 

• 

13.6N 

144.96 

• 

150 

2911352 

11. 2N 

14b«6E 

lror 

•  EYE  GOOD 

FIX  CIRC  020  60%  HALL  aO 

• 

-  • 

• 

13. 6N 

144*96 

• 

151 

29l21nz 

11  •2N 

145.56 

lror 

•  EYE  GOOD 

FIX  ELIP  AXIS  25/15  60%  WALL  ao 

• 

•  • 

• 

)3»6N 

144.96 

152 

2912352 

11. 2N 

145.3E 

lror 

-  EYE  POOR 

FIX  CIRC  025  40%  WALL  CLO 

• 

• 

13. 6n 

144.9L 

* 

153 

2912552 

ll.lN 

145.16 

p 

5  5  700  290  70  200 

45  -  - 

9b2 

293 

15 

9 

CIRC 

19 

1  1 

156 

2913102 

11.2N 

145.36 

lrur 

-  PSBL  CENT  POOR  FIX  30%  HALL  CLD 

- 

•  • 

13.6N 

144.96 

155 

2913192 

11  .aN 

144.96 

SAT 

IIR  OATA 

) 

PCn  2  OHSP 

156 

2913352 

1  1.2N 

145.16 

lrur 

-  PSBL  CENT  POOR  FIX  40%  WALL  CLD 

• 

«  • 

13. 6N 

144.9L 

157 

29U10Z 

11. 2N 

145.16 

lrur 

-  PSBL  CENT  POOR  FIX  40%  WALL  CLD 

• 

• 

13. 6N 

144.9E 

158 

2914332 

ll.ON 

145.06 

p 

7  2  700  330  65  240 

10  -  - 

• 

979 

29V 

17 

• 

1  ] 

159 

2921182 

10*4N 

143.36 

SAT 

U2. 0/3.0  /Ml 

.b/24MRS) 

PCN  4  UMSP 

160 

2923322 

10.3N 

143. 2E 

SAT 

CIH  OATA 

) 

PCN  3  NOAA-5 

161 

3002012 

10.4N 

142.46 

SAT 

UR  DATA 

I 

PCn  3  UMSP 

162 

3002452 

10.4N 

142. 3E 

P 

4  2  700  300  74  240 

20  BO  300 

21 

982 

15 

10 

CIRC 

4U 

12 

163 

3010012 

10.3N 

140.86 

SAI 

UR  data 

) 

PCN  6  UMSP 

164 

3010012 

10.2N 

140*76 

SAT 

UR  DATA 

) 

PCN  4  UMSP 

16b 

301012Z 

10.2N 

140.76 

SAT 

(IP  DATA 

) 

PCN  6  NOAA-5 

166 

301018? 

10. 2N 

140.36 

SAT 

UR  DATA 

1 

NOAA-5 

(CONF  02) 

167 

3014332 

10.29 

139.86 

P 

30  7  700  150  55  60 

30  •  - 

- 

992 

30f 

21 

17 

CIRC 

lb 

13 

166 

3014432 

10.2N 

139*66 

SAT 

<IR  DATA 

PCN  6  UMSP 

169 

3021012 

10.3N 

13B.8E 

SAI 

UR  DATA 

» 

PCN  6  UMSP 

170 

3022432 

lO.lN 

137. 9E 

SAT 

<13.0/3.0  / 

/  HRS) 

PCN  5  OMSP 

171 

3022482 

10.2N 

13B.3E 

SAT 

<T2«0/?.0  / 

/  HRS) 

PCN  5  NOAA-5 

172 

3100392 

10.8N 

137.06 

SAI 

<73.0/3.5  / 

/  MRS) 

NOAA-5 

(CONF  01) 

173 

3101432 

KU^N- 

137.06 

SAI 

<IR  DATA 

) 

PCN  6  UMSP 

1/4 

3102312 

9,9n 

136.86 

P 

4  700  IbO  40  60 

110 

• 

998 

30/ 

13 

11 

• 

-  - 

U 

1/5 

3109432 

9. IN 

135.46 

SAI 

UR  DATA 

> 

PCN  6  UMSP 

176 

3109432 

9.3N 

135.36 

SA+ 

UR  DATA 

) 

PCN  6  UMSP 

1/7 

3111242 

9,2N 

135.16 

SAI 

UR  DATA 

) 

PCn  6  NOAA-5 

1/6 

3114257 

B.9N 

133.96 

SAT 

<IR  DATA 

] 

PCN  6  UMSP 

1/9 

3115582 

B.19 

134.1E 

P 

5  15  700 

90  24  10 

30  -  - 

- 

1003 

3U 

12 

n 

“ 

-  - 

• 

IS 

180 

3122287 

B.lN 

131.BE 

SAT 

<12.0/2.0  / 

/  MRS) 

PCn  5  OMSP 

113 


lai 

3122262 

9»7n 

132«3£ 

SAt 

<T3. 0/3.0  /S  /24HRS> 

PCN 

5 

umsp 

162 

3123597 

6. IN 

131.2E 

SAI 

UR  DATA 

> 

PCN 

5  NOAA-5 

163 

0104002 

10. ON 

131*0E 

P 

10  2  1500  270  40 

160 

50 

45  160 

164 

0111062 

10. 3N 

129. OE 

SAT 

UR  data 

> 

PCN 

6 

UHSP 

166 

0111062 

J0.4N 

126. 5E 

SAT 

TIR  DATA 

) 

PCN 

6 

UHSP 

166 

011237Z 

9.6N 

126. SE 

SAT 

UR  data 

i 

PCN 

6  NOAA-5 

I6r 

0112392 

10. ON 

12b. 6E 

SAl 

UR  DATA 

> 

NOAA-5 

166 

01U552 

9. On 

126. 3E 

P 

5  30  700  17U  40 

20 

40 

•  « 

189 

0115492 

10. 3n 

127. 9£ 

SAT 

UR  DATA 

) 

PCN 

6 

DHSP 

190 

0122092 

9.9n 

126.4E 

SAf 

(T3. 0/3.0  /D1.U/24MHS> 

PCN 

5 

OHSP 

191 

0122097 

9.9N 

126. 3e 

SAI 

U3. 5/3.5  /0U.5/24HHS> 

PCN 

3 

UHSP 

192 

02010H7 

9.5N 

126. 5E. 

SAT 

U2. 0/2.0  /  /  HHS> 

NOAA-5 

193 

0201132 

9.6N 

125. 9E 

SAl 

<IR  DATA 

) 

PCN 

5 

NOAA-5 

194 

0206102 

10. 4N 

125. 7E 

LPUR 

-  EYE  DlO-15  KMS 

195 

0206002 

10. 6N 

125. OE 

lhor 

-  EYE  DlO-15  KMS 

196 

0210002 

10. 4N 

124. 5E 

lrdr 

-  EYE  DlO-15  KMS 

19? 

0210517 

10. 5N 

124. 7e 

SAl 

UR  DATA 

> 

PCN 

S 

UHSP 

196 

0210512 

10. 7n 

124. 6E 

SAl 

UR  DATA 

) 

PCN 

6 

UHSP 

19V 

0211S3Z 

10. 7n 

124. 5E 

SAT 

UR  DATA 

> 

PCN 

6 

NOAA-5 

200 

0211552 

)0.5N 

124. lE 

SAT 

UR  DATA 

> 

NON 

UHSP 

201 

0215312 

10. 7N 

123.5E 

SAf 

(IP  data 

> 

PCN 

5 

UHSP 

202 

0215312 

10. 7n 

123. 4E 

SAT 

UR  DATA 

) 

PCN 

6 

UHSP 

203 

0223332 

10. 4N 

122.0E 

SAT 

<T2.0/3.0  /«1.5/25HHS> 

PCN 

5 

DHSP 

204 

0300292 

9.9n 

121.7E 

SAT 

<T2.0/2.5  /  /  HRS» 

PCN 

6 

NOAA-5 

205 

0302322 

9.9n 

121.3E 

SAT 

UR  DATA 

) 

PCN 

5 

UHSP 

206 

0302322 

lO.ON 

121. 6E 

SAT 

<T2«0/2.04/  /  hHS> 

PCN 

5 

UHSP 

207 

0310347 

10. 3n 

124. 6E 

SAt 

UR  DATA 

> 

PCN 

3 

UHSP 

2U6 

0313052 

IU.2N 

124. 2t 

SAI 

<IR  DATA 

1 

PCN 

6 

NOAA-S 

209 

0315U2 

10. ON 

124. 2t 

SAI 

UR  DATA 

1 

PCN 

5 

UHSP 

35  ^9* 

(CONF  02) 
-  IDOJ 

(CONF  01) 


311  14  13 


16 


17 


ll.ON  125«7E 
U*ON  125*7E 
U«ON  125.7E 


114 


4.  NORTH  {NDIAN  OCEAN  FIX  DATA 


FIX  MOSIIIONS  FOR  TROPICAL  CYCLONE  NO.  17-77 
200tJ/  11  MAY  TO  00002  IJ  MAY 


HAx  oes 

MAX  OBS 

OBS 

MIN 

flt 

POSIT 

FIX 

FIX 

ACCHY 

Fix  FLT  LVL  HIND 

SfL  MIND 

MIN 

700MB 

LVL 

Evt 

URIEN. 

EYE 

OF 

MSN 

NO. 

\  jHt 

POSH 

CAT 

nav-met 

LVL  UIH  VEL  bRG  RnG 

VtL  8ftO  RNG 

SlP 

HGl 

TI/TO 

FORM 

TATIUN 

DIA 

RADAR 

NM8R 

I 

0805157 

7.  In 

82-2C 

SAT 

iT  .5/0.5 

/  /  MHSl 

PCN 

6 

DMSP 

080657^ 

7.5n 

71»6E 

SAf 

(IR  DATA 

1 

PCn 

6 

dhsp 

2 

09030?/ 

9. ON 

77. 5E 

SAI 

UR  DATA 

1 

NOAA-5 

*♦ 

I004I0? 

14. ON 

87.0E 

SAT 

(Tl.5/1,5 

/  /  HHS) 

NOAA-5 

CCOHF  01) 

S 

1004407 

1I.9N 

88.3E 

SAT 

UR  DATA 

1 

PCN 

6 

DMSP 

6 

1014SQ7 

14. 5N 

87o£ 

SAT 

CIR  DATA 

1 

NOAArS 

(COHF  02) 

; 

1100267 

14. On 

88.5E 

SAT 

<T3.0/3.0 

/  /  MRS! 

PCN 

5 

DMSP 

8 

1103247 

iS.dN 

88.1E 

SAT 

U2.5/2.5 

/01.U/23HHS) 

N0AA*5 

(CONF  01) 

S 

1113037 

17, ON 

89. 3E 

SAT 

UR  DATA 

1 

PCN 

5 

dmBp 

10 

11U1S2 

16. 7N 

89. 7E 

SAT 

UR  DATA 

1 

N0AA>5 

(COHF  03) 

u 

1117047 

15. 4N 

88*SE 

SAT 

UR  data 

1 

PCN 

4 

DMSP 

12 

U17U5Z 

16.4N 

89*sE 

SAT 

UR  DATA 

» 

PCN 

5 

DMSP 

13 

12001A7 

18. SN 

89»oE 

SAT 

(T4.0/4.0 

/01.0/24HRS1 

PCN 

4 

DMSP 

14 

1202007 

18. 4N 

ee.zE 

SAT 

<T4. 0/4.0 

/  *  /  HRS) 

PCN 

6 

DMSP 

IS 

1202402 

Id.SN 

89.0C 

SAT 

(T3.5/3,5 

/01.0/23HRS) 

NQAA-5 

(COHF  01) 

16 

1205472 

20, 3N 

e9.3£ 

SAT 

<T4. 0/4.0 

/  /  HRSJ 

NOM-5 

17 

1213032 

20. 8N 

89.2E 

SAT 

UR  data 

} 

PCN 

3 

DMSP 

18 

1213332 

21  •4N 

69.4E 

SAT 

UR  DATA 

1 

NOAA-5 

(COHF  02) 

l2t82A7 

22.2N 

90.9E 

SAT 

<T4.0/4.0 

/$  /24HRS1 

PCN 

2 

DMSP 

20 

1300062 

23*dN 

90.9E 

SAT 

TT3.5/4,0' 

>/M0.5/24HRS) 

PCN 

3 

DMSP 

21 

13014R7 

23. 6N 

91. ?£ 

SAT 

(T4.0/4.0 

/S  /24HRS1 

PCN 

4 

DMSP 

FIX  positions  for  tropical  cyclone  no.  18-77 
20002  10  JUN  TO  OB002  13  JUN 


MAX  OBS 

MAX  08S 

OBS 

MIN 

FIX 

FIX 

ACCRY  fix  flt  LVL  hJNO 

SFC  BIND 

MIN 

700MB 

NO. 

time 

POSIT 

CAT 

NAV.MET  LVL  OIN  VEL  BRG 

Rng 

VEL  BRO  RNG  SLP 

HGI 

1 

0903292 

16. ON 

69.0C 

SAT 

<n«o/uo 

/  /  HRS» 

NOAA-5 

(COHF  01) 

2 

0916172 

16.9N 

69*4e 

SAT 

UR  data 

> 

NOAA-5 

(COHF  02) 

3 

1004402 

17. 9N 

6e«3E 

SAT 

a2«5/2.5 

/01.5/25MRS) 

NOAA-5 

(COHF  01) 

4 

1004482 

ia.7N 

6e«6E 

SAT 

iT3*5/l.S 

/  /  HRSl 

PCN 

4 

OHSP 

5 

1015402 

18.3N 

66.8e 

SAT 

<IR  DATA 

1 

PCN 

6 

DMSP 

6 

1020082 

19.2N 

66.1E 

SAT 

<T3.S/3«S 

/  /  MRS! 

PCN 

6 

UMSP 

7 

1102422 

19, SN 

66.66 

SAT 

tT4«5/3.5 

/01.0/24HRS1 

PCN 

3 

DMSP 

8 

1103572 

19,7n 

66*06 

sat 

<T3*S/3.5 

/01.V/23HRS1 

NOAA-5 

(COHF  01) 

9 

1104042 

20,2N 

65.66 

SAT 

UR  data 

) 

PCN 

4 

DMSP 

10 

1107092 

19,6N 

64. RE 

SAT 

<IR  DATA 

1 

PCN 

3 

DMSP 

11 

1115282 

19. 7N 

65. 06 

SAT 

UR  DATA 

1 

PCN 

6 

OmsP 

12 

1119507 

19, 6N 

6l.eE 

SAT 

UR  data 

1 

PCN 

5 

DMSP 

U 

1202342 

20. IN 

62. 6E 

SAT 

U3.S/3.5 

/S  /24HHS1 

PCN 

3 

DMSP 

14 

1202512 

20.1N 

61UE 

SAT 

<T4.0/4.0 

/DU.5/24HRS1 

PCN 

1 

DMSP 

15 

1205092 

20.2N 

62. 3E 

SAT 

U5.0/5.0 

/01.5/25HRS) 

NOAA-5 

(COHF  01) 

16 

1215152 

21. IN 

60.5E 

SAT 

UR  data 

1 

PCN 

6 

DMSP 

17 

1216027 

20.3N 

59.8E 

SAf 

<IR  data 

1 

NOAA-5 

(CONF  02) 

IB 

1219332 

?0.6N 

59. 9£ 

SAI 

UR  DATA 

1 

PCN 

2 

DMSP 

19 

1302197 

20.8N 

59. lE 

SAT 

<IR  DAT* 

) 

PCN 

6 

DMSP 

20 

1304252 

2U.5N 

5B.56 

SAT 

<T3.0/4 .0 

/B2.0/23MRS) 

NOAA-5 

(COHF  01) 

21 

1405342 

20. IN 

54.  9E 

SAT 

Ul.0/1.0 

/If2.0/25HRS) 

NOAA-5 

(COHF  01) 

FLT 

LVL 

TI/TO 


tYt 

FOl^H 


URIEN. 

IATIUn 


lit 

DlA 


POSIT 

OF 

RADAR 


MSN 

NNBR 
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Fix 

N0» 


FIX  hosimons  for  Tropical  cvclonc  no.  ir-77 
^OOOZ  29  OCT  TO  <>oou2  Ji  OCT 


FIX 

ACCRY 

FIX 

MAX  06S 

FLT  LWL  HIND 

MAX  OBS 

Ml NO 

0»S 

HIN 

MIN 

7U0MB 

flt 

LVL 

Eyl 

OHIEN. 

fcrt 

pobir 

Of 

MSN 

CAT 

NAV-mET 

LVL 

UIH  v£L  URO  PnO 

VLl'BPG  KN6 

SLP 

HOI 

Tl/TO 

Form 

iAilUN 

OlA 

radar 

NHOk 

1 

270020Z 

12.0N 

91.0E 

SAT 

<  IR  DATA 

> 

PCN 

6 

UHSP 

2 

270027Z 

12.4N 

92.4E 

SAT 

<72.0/2.0 

/ 

/  HHSl 

PCN 

5 

UMSP 

3 

2TU5357 

11. 4N 

92*  lE 

SAT 

<r2.0/2.U 

/ 

/  MHSl 

mCn 

6 

UMSP 

•* 

27l3t)2Z 

U.4N 

92. 3C 

SAT 

<IR  DATA 

1 

PCN 

b 

UMSP 

5 

2714202 

1  O.SN 

90.4E 

SAT 

<IR  DATA 

1 

NOAA-S 

6 

2718177 

1  1  .8N 

92. 6E 

SAT 

<IR  DATA 

) 

PC». 

6 

UMSP 

1 

28U1442 

11. 5n 

BH«2E 

SAT 

<IR  DATA 

1 

PCN 

6 

UMSP 

t 

2802582 

II.On 

9U«0E 

SAT 

<T2.0/2.0 

/ 

/  MRSI 

NOAA-S 

9 

2805177 

13. On 

69.1E 

SAT 

(T2.0/2.0 

/S 

/24rtKSl 

PCN 

5 

UMSP 

lu 

2812457 

12. IN 

B9.2E 

SAT 

<IR  data 

1 

PCN 

5 

UMSP 

11 

2B124SZ 

12.2N 

BB.lE 

SAT 

<IR  DATA 

) 

PCN 

5 

UMSP 

12 

2813452 

13. ON 

69«eE 

SAT 

(IP  UATa 

1 

NOAA-5 

13 

2816002 

11.3N 

Bb.qE 

SAT 

<i«  data 

) 

PCN 

5 

UMSP 

14 

2901272 

|i.3N 

Bb.lE 

SAT 

tlR  data 

1 

PCN 

6 

UMSP 

15 

2904092 

ll.SN 

e7«8E 

SAT 

<T2.0/2.0 

/S 

/25HRS) 

NOAA-5 

16 

2906002 

13.5N 

B7.9E 

SAT 

<T2.O/2«0 

/S 

/24HRS) 

PCN 

4 

UHSP 

17 

2914092 

12.1N 

65.9E 

SAT 

<IR  DATA 

) 

PCN 

6 

UMSP 

IB 

2915002 

12.2N 

Bb.lE 

SAT 

<IR  DATA 

) 

NOAA-5 

19 

2917422 

13.2N 

8b.4E 

SAT 

(IH  data 

1 

PCN 

3 

UHSP 

20 

3001102 

14.2N 

Bb.oE 

SAT 

<IR  DATA 

1 

PCN 

3 

UHSP 

21 

3003262 

14.3N 

B4.1C 

SAT 

<12.0/2.0 

/s 

/23HRS) 

NOAA-5 

22 

3006242 

13«6N 

B4«6£ 

SAT 

<1H  DATA 

) 

PCN 

5 

UMSP 

23 

3013522 

14.6N 

a3.2E 

SAT 

<IR  DATA 

) 

PCN 

4 

UMSP 

24 

3014152 

14.0N 

BJ.OE 

SAT 

<JR  DATA 

) 

NOAA-5 

2b 

3017242 

14. 7N 

62.4E 

SAT 

<IR  DATA 

1 

PCn 

6 

UHSP 

2b 

3019062 

14. 9N 

82. 2E 

SAT 

(IR  DATA 

1 

PCN 

6 

UMSP 

27 

3100532 

IS. ON 

62.tE 

SAT 

<IR  UATa 

1 

PCn 

b 

UMSP 

2B 

3102422 

14.SN 

8I.SE 

SAT 

<T3.0/3.0« 

•/Ol 

0/23HHS1 

NOAA-5 

29 

3106062 

Ib.ON 

80. 6E 

SAT 

<T3. 0/3.0 

•/ 

/  HRSi 

PCn 

5 

UMSP 

30 

3113352 

15. SN 

79. 2E 

SAf 

<tR  DATA 

t 

PCn 

b 

UMSP 

31 

030U32 

I6.5N 

65.0E 

SAT 

<IR  OATA 

1 

PCN 

b 

UMSP 

32 

0306552 

16.3N 

63. oC 

-SAT 

<Tl.S/Ub 

/ 

/  HHSI 

PCN 

6 

UMSP 

33 

0314252 

1  6.6N 

61. 2E 

SAT 

<1R  OATa 

1 

PCN 

6 

UMSP 

34 

0403052 

lb.7s 

58. 2e 

SAT 

<IR  DATA 

1 

PCn 

6 

UMSP 

35 

0406372 

15. 7n 

S8.4e 

SAT 

(IR  OATA 

) 

PCn 

b 

UMSP 

(COfJF  02) 
(CONF  02) 

(CONF  02) 
(CONF  01) 
(CONF  01} 
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fix  Positions  For*  tropical  cyclone  no,  21-77 
200UZ  10  n6v  10  20002  2i  NOY 


fix 

NO. 

1  IHL 

POSIT 

FIX 

CAT 

aCcpy  fix 

NAV-MET  LVL 

MAX  U8S 

FLT  LVL  WIND 

DlH  VEL  8R6  RnG 

MAX  Obs  iwb 

SFL  NlNO  H|N 

VEL  BRG  RNG  SLP 

1 

091242Z 

11. 5N 

9U.0E 

SAT 

(IP  DATA 

) 

PCN 

6  UHSP 

2 

0914392 

li.3N 

6b«3E 

SAl 

<IR  DATA 

) 

NOAA-5 

(CONF  02) 

J 

1003077 

IO.Bn 

b6«3E 

SAI 

<T3.0/i,0 

/  /  HRS) 

NOAA-5 

(CONF  01) 

4 

1013567 

U.6N 

84, 8E 

SAT 

<IR  DATA 

) 

KOAA-5 

(CONF  02) 

b 

1014077 

11. 5N 

8b«2E 

SAI 

MR  DATA 

1 

PCN 

6  UHSP 

t 

I0I7337 

11. 7N 

64.7E 

SAT 

i  IR  DATA 

1 

PCn 

6  DhSP 

7 

IIOIOAZ 

11.4N 

82. 7E 

SAT 

M3.5/i,5 

/  /  HHSl 

PCN 

4  UHSP 

(COHF  01) 

b 

1102247 

10. 5N 

82.5E 

SAT 

n4,0/4.0 

/01.0/23riRS) 

NOAA-5 

s 

11061SZ 

10. 9N 

82.3E 

SAT 

M3. 0/3. b 

/  /  HH5) 

PCN 

3  UMSP 

10 

111350Z 

ll.ON 

81  .lE 

SAT 

MR  data 

) 

PCN 

2  UHSP 

M 

1U507Z 

1 1  .ON 

80. OE 

SAT 

MR  data 

) 

NOAA-5 

(CONF  02) 

12 

U185TZ 

11. 2N 

ao.7E 

SAT 

MR  data 

1 

PCN 

2  UHSP 

13 

1200S12 

ll.ON 

79. 5E 

SAl 

M3. 0/3, 5 

/»U,b/24HRS) 

PCN 

2  UHSP 

14 

120336Z 

10.6N 

80. OE 

SAf 

M4.5/4,5 

/DO,b/25HKS) 

NOAA-5 

(CONF  01) 

lb 

12055RZ 

10. 7N 

7b.8E 

SAT 

M3. 0/3, 5 

/5  /24HRS) 

PCN 

4  UHSP 

lo 

130215  Z 

lO.SN 

7b. 0£ 

SAT 

Ml. 5/2. 5 

/Hl,b/25HHS] 

PCN 

6  UMSP 

1/ 

13U377 

12.4N 

74  .oE 

SAT 

MR  data 

1 

PCN 

6  UMSP 

Iti 

131822Z 

12. ON 

73.  o£ 

SAf 

MR  data 

1 

PCN 

6  UHSP 

IV 

140154Z 

12.79 

72. oE 

SAf 

M2.0/2.0 

/DU,b/24HKSl 

PCN 

6  UHSP 

(CONF  01} 

20 

M0404Z 

12.6N 

71.4E 

SAT 

M2.0/2.0 

/  /  MRS) 

NOAA-5 

21 

140704Z 

12. 7N 

71. 2£ 

SAf 

M3. 0/3.0 

/  /  HRS) 

PCN 

6  UMSP 

22 

1414417 

12. 7n 

69. 6E 

SAT 

UR  DATA 

) 

PCN 

6  UHSP 

(COHF  01) 

2J 

1^1453Z 

13.3N 

67.flE 

SAT 

MR  DATA 

J 

NOAA-5 

24 

1410467 

13.2N 

69. 3E 

SAf 

MR  DATA 

) 

PCN 

6  UHSP 

2b 

150141Z 

13*9N 

6b. 8E 

SAT 

IT3. 5/3,5 

/Dl,b/24HRS) 

PCN 

6  UHSP 

(CONF  01) 

2b 

1503207 

13.9N 

67.8E 

SAl 

tT4.0/4,0 

/02.O/23HKS} 

NOAA-5 

2? 

lbU646Z 

14, 4N 

66.  7E 

SAf 

M4,0/3,b 

/01.U/24HHS) 

PCN 

4  UHSP 

2b 

1514237 

14. 3N 

66. 4E 

SAT 

MR  data 

1 

PCN 

6  OmSP 

(COHF  01) 

2V 

1516'>7Z 

t3«5N 

65. 6E 

SAl 

MR  DATA 

> 

NOAA-5 

30 

1519287 

14.0N 

66. 4E 

SAI 

MR  DATA 

> 

PCn 

6  UHSP 

31 

1603057 

13. 7N 

66. 5E 

SAT 

M4, 0/4,0 

/OO.b/25HKS) 

PCN 

6  UHSP 

(CONF  01) 

32 

160433Z 

iS.Qr^ 

66«dE 

SAf 

M4,5/4,b 

/OO.b/2SHRS) 

NOAA-5 

33 

1606297 

13.4N 

66. 6E 

SAI 

IT4, 0/4,0 

/S  /24HKS) 

PCN 

4  UHSP 

(CONF  01) 

34 

161521Z 

t3,0N 

64, 5E 

SAl 

MR  DATA 

) 

NOAA-5 

3b 

161911Z 

13. 5N 

67.0E 

SAI 

MR  DATA 

I 

PCN 

6  UHSP 

36 

1702487 

12. 2N 

6/.2E 

SAf 

M4,b/4.b 

/OO.b/24HKS) 

PCn 

6  UHSP 

(CONF  01} 

37 

170349Z 

13. IN 

66. 9E 

SAF 

(TS.O/b.O 

/0U.b/23HKS) 

NOAA-5 

3b 

170611Z 

12. IN 

6e.8E 

SAI 

MR  DATA 

> 

PCN 

6  UHSP 

(CONF  01) 

3V 

1714327 

12«5N 

67.3E 

SAI 

MR  DATA 

) 

NOAA-5 

40 

1715307 

12.0N 

6  7 . 0  E 

SAI 

MR  data 

) 

PCN 

6  UMSP 

41 

1718537 

12.4N 

66. bE 

SAT 

MR  DATA 

) 

PCN 

4  UHSP 

42 

1802317 

1 1 . 7n 

67.3E 

SAf 

M3. 5/4, 5 

/■1,0/24HHS) 

PCN 

6  UHSP 

(CONF  01) 

43 

180S02Z 

10, 4N 

67. 4E 

SAl 

M5.0/S.U 

/S  /25HHS1 

NOAA-5 

44 

1807357 

IU4N 

67.5E 

SAl 

MR  data 

) 

PCN 

6  UHSP 

4b 

1815147 

10, 6N 

69.4E 

SAf 

MR  DATA 

» 

PCN 

6  UHSP 

(CONF  01) 

46 

1815497 

10.3N 

69. OE 

SAT 

MR  data 

) 

NOAA-5 

47 

1818367 

10. 3N 

70. 2E 

SAT 

MR  data 

) 

PCN 

6  UMSP 

4b 

1902U7 

10,3N 

70. 2E 

SAf 

<T3.5/3,b 

/S  /24HftS) 

PCN 

6  UHSP 

(CONF  01) 

4V 

1904187 

10. 3N 

69.6E 

SAI 

(T3.0/4«0 

/lr2,U/23HKS) 

NOAA-5 

$0 

1907177 

10. ON 

70. 5E 

SAT 

MR  data 

) 

PCN 

6  UHSP 

SI 

19US6Z 

9,6N 

70. 3E 

SAT 

MR  data 

1 

PCN 

6  UHSP 

S2 

1918187 

9,7N 

70.5E 

SAf 

MR  DATA 

) 

PCN 

b  UMSP 

S3 

2001577 

10.3N 

71. 4E 

SAT 

<T3.5/3,b 

/S  /24HHS) 

PCN 

6  UMSP 

(CONF  01) 

S4 

2003357 

10«2N 

72. 8E 

SAf 

n3«5/4«0 

/I)U.b/23HRS) 

NOAA-5 

ss 

2007007 

lU.BN 

71. 9e 

SAf 

MR  DATA 

» 

PCn 

6  UMSP 

S6 

20U39Z 

|0,0N 

74.0E 

SAf 

MR  data 

) 

PCN 

6  UMSP 

s; 

2016007 

9,6N 

73. 2E 

SAf 

MR  DATA 

1 

PCN 

6  UHSP 

Sb 

2101407 

10,5N 

73. 6E 

SAl 

M3. 5/3, 5 

/S  /24HRS) 

PCN 

4  UMSP 

b9 

2106427 

U.6N 

73.4E 

SAf 

MR  DATA 

) 

PCN 

5  UHSP 

60 

2114227 

13. 2N 

73. SE 

SAT 

MR  data 

) 

PCn 

6  UHSP 

(CONF  01) 

61 

2115547 

|4,9N 

73.4E 

SAf 

MR  data 

) 

NOAA-5 

62 

2119247 

l5,2N 

74. lE 

SAI 

MR  data 

) 

PCn 

6  UMSP 

63 

2201237 

15. IN 

74. 4E 

SAT 

iT2,5/3.0 

/w1,0/24HR$) 

PCN 

6  UHSP 

(CONF  01) 

64 

22040IZ 

15, 9N 

75. oE 

SAf 

Ml.O/l.b 

/  /  HKS) 

NOAA-5 

6b 

2206247 

I6.7N 

74.6E 

SAT 

ilR  data 

1 

PCN 

6  UMSP 

66 

2214057 

1  7.5N 

74. 6E 

SAT 

MR  DATA 

> 

PCN 

6  UMSP 

njn  flI 

700M8  LVL 
HGI  Tl/TO 


EYE  ORIEN- 
FOHN  lAllUN 


EYt 

Ola 


POSIT 

OF 

HAOAK 


MSN 

NMdQ 
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FIX 

NO.  TlMF 


POSH 


FIX  POSmONS  FOR  tropical  trCLONE  NO.  22*7  ^ 

ObOUZ  15  NUV  TO  IV  NOV 

MAX  O0S  NAX  OHS  Odb  min  FLT  POSIT 

FIX  aCCRY  fix  FLT  LVL  wlND  bl-C  HiNO  HIN  700"H  LVL  EYt  ORIEN^  Ert  OF  mSn 

CAT  NAV-MET  LVL  OlH  VEL  BRG  Rn6  VtL  BRG  RNG  SLP  HG*  TI/TO  FOt^M  UTION  Oli  MAJAR  NHHw 


1 

UOOl*!? 

6.  IN 

91. 6E 

SA( 

<11. 5/1, b 

/  /  MRS) 

PCN 

6 

UHSP 

1402107 

S.VN 

91. 7E 

SAT 

<T1.5/l,b 

/  /  HRS) 

NOAA-5 

(CONF  01) 

J 

140S2S7 

5.VN 

VI. OE 

SAT 

<T2. 5/2.5 

/  /  HRS) 

PCN 

6 

UHSP 

4 

1414517 

6.5n 

91. 2E 

SAT 

<IH  DATA 

) 

N0AA>5 

(CONF  01) 

b 

I4m047 

6. ON 

9U.0E 

SAf 

(IH  iJaTa 

) 

PC** 

4 

UMbP 

e> 

1S0U17 

6.1n 

hv.jE 

SA  r 

IT3.0/J.O 

/Di.b/25HHb) 

PC6 

6 

UHSP 

7 

1&03237 

6.7N 

bv.me 

SAT 

<  T3. 0/3.0 

/Dl*a/25HHS) 

NOAA-5 

(CONF  01) 

8 

lb05057 

6.0N 

bt.se 

SAT 

<T4. 0/4.0 

/Ul*b/24HHS) 

PCk 

4 

UHbP 

'i 

15124U 

6.2N 

ti5.VE 

SAl 

<IR  UATA 

) 

PCn 

4 

UMbP 

iu 

15U077 

6. 

In 

86.  Jt 

SAI 

<IH  UATa 

) 

NOAA-5 

(CONF  02) 

11 

1517472 

6»4N 

8o.nE 

SAI 

<!P  DATA 

> 

PC** 

6 

UHSP 

12 

1001247 

7, ON 

Hb.oE 

SA) 

< )4.5/4,b 

/l)l.b/24HRS) 

PC** 

6 

umsp 

U 

IO023V2  - 

6.8N 

8b.5E 

SAT 

<Tb.O/S.U 

/02.U/23HRS) 

NOAA-S 

(CONF  01) 

!•» 

1606207 

7. ON 

8b.4E 

SAi 

<  T5.b/5,b 

/0l.b/25HKS) 

PCn 

2 

umSP 

IS 

16l4'i67 

H.2N 

84.4E 

SAT 

<IP  DATA 

\ 

PC*. 

2 

umSP 

10 

1615217 

H.ON 

84.2E 

SA) 

<!R  data 

> 

r(0AA>5 

(CONF  01) 

1 1 

161 T2P7 

e.7N 

84. 5E 

SAI 

<IK  OATA 

1 

PC^ 

2 

UMSP 

Itf 

1 T01072 

V.6N 

84 . 5E 

SAT 

<T5*b/S,b 

/01 .0/^4HKS) 

PC*. 

2 

UMSP 

IV 

1703502 

V. 

IN 

83.7b 

SAI 

<T5.5/5.b 

/Dy.b/25H«S) 

N0AA>5 

(CONF  01) 

20 

1706117 

10. 2N 

R3.VE 

SAT 

<rR  oata 

1 

PCN 

2 

UMSP 

21 

1713207 

1  I  .4N 

83. 3E 

SA  r 

<IH  UATA 

] 

PCN 

2 

UMSP 

22 

17U377 

1  )  .4N 

83. 7E 

SAI 

(IP  UATa 

1 

NOAA-S 

(CONF  01) 

23 

17185T7 

)  1 . 7N 

83.  lE 

SAI 

(IH  UATA 

) 

PCf* 

2 

UMSP 

2« 

IHOOSa; 

12. 3N 

B2.7E 

SAT 

(T6. 0/6.0 

/DU.3/24HRS) 

pCn 

2 

UMSP 

2b 

1803052 

12. 5N 

B2*VE 

SAI 

tT7.0/;.0 

/01.5/23HHS) 

NOAA-5 

(CONF  01) 

20 

1805537 

12.6N 

B2«SE 

SAT 

(IR  data 

) 

PCN 

2 

UMSP 

27 

18155)7 

13.5N 

81. Vb 

SAI 

ON  data 

) 

NOAA-5 

(CONF  01) 

28 

181H367 

13.8N 

81.7E 

SAI 

OH  DATA 

) 

PCK 

2 

UMSP 

2V 

1VO03?/ 

14.S'i 

61. oE 

SAT 

OR  data 

) 

PCn 

2 

UHSP 

JU 

1902)42 

i4«e\j 

B1«6E 

SAI 

<  T6. 0/6.0 

/S  /25rtHS» 

PCn 

2 

UMSP 

31 

1904)62 

15.1n 

81. 9E 

SAT 

(T7. 0/7.0 

/S  /2SHKS) 

NOAA-5 

(CONF  01) 

32 

1905362 

)b.^^J 

B1.3E 

SAT 

OR  OATA 

> 

PCN 

2 

UMSP 

33 

1V13U2 

16.1N 

Bu.qC 

SAI 

OR  DATA 

) 

PCn 

2 

UMSP 

34 

19101R2 

16.VN 

Bu.SE 

SAI 

<1R  data 

> 

PCn 

2 

UMSP 

3b 

2001572 

1B.2N 

81.2E 

SAT 

<  74.0/5.0 

/h2.0/24HHS> 

PC*. 

b 

UHSP 

30 

Eoosmz 

19. 2n 

ei.vE 

SAT 

< IR  DATA 

) 

PCn 

6 

UMSP 

3T 

201R007 

|9.5N 

bo.aE 

SAI 

OR  UATA 

> 

PCN 

6 

UMSP 
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LATE  FIXES 'listed  AS  [  ]  IN  TABLE  6-1. 


TYPHOON  BABE 

-  OOOOZ  02  SEP  TO 

18002  10  SEP 

01 

0600202 

13. ON  130. 0£ 

SAT 

(T4. 0/4.0 

/S  /24HRS) 

02 

06U09Z 

14. ON  129. 2E 

SAT 

(IR  DATA 

) 

03 

0811412 

22. ON  127. OE 

SAT 

(IR  DATA 

) 

TROPICAL  STORM  CARLA  -  OOOOZ  03 

SEP  TO  OOOOZ  05  SEP 

01 

0201182 

18. 3N  118. OE 

SAT 

(Tl.6/1.5 

/D1.0/24HRS) 

TYPHOON  DINAH 

-  1200Z  14  SEP  TO 

1800Z  23  SEP 

01 

1223032 

(SEE  COMMENT) 

SAT 

(T2. 0/2.0 

/S  /24HRS) 

02 

131157Z 

22. 7N  134. 3E 

SAT 

(IR  DATA 

) 

03 

140015Z 

22. ON  131. 5£ 

SAT 

(T3. 0/3.0 

/D1.0/25HRS) 

04 

141110Z 

21. 6N  128. OE 

SAT 

(IR  DATA 

) 

TROPICAL  STORM  EMMA  -  0600Z  15  SEP  TO  0600Z  20  SEP 


01 

141108Z 

19. ON 

144. 5E 

SAT 

(IR  DATA 

) 

TROPICAL  STORM  FREDA  -  OOOOZ  23 

SEP  TO  OOOOZ  25  SEP 

01 

241330Z 

20. 4N 

lll.OE 

SAT 

(IR  DATA 

) 

TYPHOON  GILDA 

-  00002  03  1 

OCT  TO 

06002  10  OCT 

01 

042227Z 

19. 2N 

152. 7E 

SAT 

(T3.S/3,5 

/01.0/23HRS) 

02 

052315Z 

23. 5N 

150. OE 

SAT 

{T4. 0/4.0 

/D0.5/25HRS) 

03 

070027Z 

26. 5N 

147. 8E 

SAT 

(T4.5/4.5 

/D0.5/24HRS) 

04 

080004Z 

30. ON 

147. 7E 

SAT 

(T5. 0/5.0 

/D0.5/24HRS) 

05 

091024Z 

41. 2N 

165. 4E 

SAT 

(IR  DATA 

) 

TROPICAL  STORM  HARRIET  - 

0600Z 

16  OCT  TO  18002  20  OCT 

01 

1600062 

15. IN 

136. IE 

SAT 

(T2. 0/2.0 

/D2.0/24HRS) 

02 

1701172 

17, IN 

131. 9E 

SAT 

(T3. 0/3.0 

/D1.0/25HRSj 

03 

180034Z 

18. 9N 

132. 5E 

SAT 

(T3.5/3.5 

/D0.5/23HRS j 

04 

1811262 

19. 5N 

133. 3E 

SAT 

(IR  DATA 

) 

TYPHOON  IVY  -  0600Z  21  OCT  TO  OOOOZ  27  OCT 


01 

2400002 

21. 2N  151. IE 

SAT 

(T4.5/4.5 

/D0.5/25HRS) 

TYPHOON  JEAN 

-  1200Z  28  OCT 

TO 

12002  03  NOV 

01 

0I2313Z 

26. 7N  146. IE 

SAT 

(T3.0/3.Q 

/D1.0/23HRS) 

TYPHOON  KIM 

-  0600Z  06  NOV 

TO  1 

DOOOZ  17  NOV 

01 

0710182 

12. 3N  149. OE 

SAT 

(IR  DATA 

) 

02 

1311452 

14. 3N  123. 2£ 

SAT 

(IR  DATA 

) 

03 

1501222 

16. 9N  116.8E 

SAT 

(T3.5/3.5 

/K1.5/25HfiS) 

TYPHOON  LUCY 

-  0600Z  28  NOV 

'  TO 

1800Z  07  DEC 

01 

2810252 

06. 9N  157. OE 

SAT 

(IR  DATA 

) 

TYPHOON  MARY 

-  0600Z  20  DEC 

;  TO 

1800Z  03  JAN 

01 

2321S9Z 

12. 6N  170. 5E 

SAT 

(T3.5/4.5 

/W1.0/25HRS) 

02 

260918Z 

09. 5N  165. OE 

SAT 

(IR  DATA 

) 

03 

2900112 

11. 4N  149. 5E 

SAT 

(T3.5/3.5 

/S  /25HRS) 

04 

2910592 

11. IN  145. 5E 

SAT 

(IR  DATA 

05 

2923282 

11. IN  143. OE 

SAT 

(VIS  DATA 

) 

06 

3111272 

09. 4N  134. 6E 

SAT 

(IR  DATA 

) 

07 

0300252 

09. 9N  122-3E 

SAT 

(Tl.5/1.5 

/m.0/24HRS) 

NOAA-5  (CONF  01) 
NOAA-5  (CONF  03} 
NOAA-S  (CONF  01} 


KOAA-5  (CONF  02) 


NOAA-5  (CONF  01)  -  02  DEG  EITHER  SIDE  OF  A  LINE  FH  22N-135E 

NOAA-5  (CONF  01)  TO  22N-142E 

NOAA-5  (CONF  01) 

NOAA-5  (CONF  02) 


NOAA-5  (CONF  02) 


NOAA-5  (CONF  02) 


NOAA-5  (CONF  02) 
NOAA-5  (CONF  01) 
NOAA-5  (CONF  01) 
NOAA-5  (CONF  01) 
NaAA-5  (CONF  Ol) 


HOAA-5  (CONF  01) 
NOAA-5  (CONF  Ol) 
NOAA-5  (CONF  02) 
NOAA-5  (CONF  02) 


KOAA-5  (CONF  01) 


NOAA-5  (CONF  01) 


NOAA-5  (CONF  01) 
NOAA-5  (CONF  Ol) 
NOAA-5  (CONF  01 j 


NOAA-5  (CONF  02) 


NOAA-5  (CONF  01) 
NOAA-5  (CONF  Ol) 
NOAA-6  (CONF  01 ) 
NOAA-6  (CONF  Ol) 
NOAA-5  (CONF  01) 
NOAA-5  (CONF  02) 
NOAA-5  (CONF  01) 
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LATE  FIXES  LISTED  AS  [  ]  IN  TABLE  6-1. 


TROPICAL  CYCLONE  NO.  21-77  -  20002  10  NOV  TO  200QZ  21  NOV 


01 

1915052 

09. 4N 

070. OE 

SAT 

(IR  DATA  ) 

NOAA-5 

{CONF 

01) 

02 

2016182 

10. ON 

072. 9E 

SAT 

(IR  DATA  ) 

NOAA-5 

{CONF 

02) 

03 

2104452 

11. 2N 

074. 8E 

SAT 

(T2. 5/3.0  /W1.Q/25HRS) 

NOAA-5 

{CONF 

02) 

TROPICAL  CYCLONE  NO 

.  22-77 

-  0800Z  15  NOV  TO  2000Z  19  NOV 

01 

191507Z 

15. 9N 

080. 9£ 

SAT 

(IR  DATA  ) 

NOAA-5 

(CONF 

01) 

02 

2003312 

19. 6N 

082. 2E 

SAT 

(VIS  DATA  ) 

NOAA-5 

(CONF 

02) 
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APPENDIX 


1.  CONTRACTIONS 


AC§W 

Aircraft  Control  and  Warn¬ 

KM 

Kilometer(s) 

ing  System 

KT 

Knot  (s) 

ACCRY 

Accuracy 

LRDR 

Land  Radar 

AC  FT 

Aircraft 

LVL 

Level 

ACR 

Aircraft  Radar 

M/SEC 

Meters  per  Second 

AIREP 

Aircraft  Weather  Report (s) 
(Commercial  and  Military) 

MAX 

Maximum 

ANT 

Antenna 

MB 

Millibar(s) 

ARWO 

Airborne  Weather  Reconnais¬ 

MET 

Meteorological 

sance  Officer 

MHSO 

MOHATT  500  mb  Prog 

ATT 

Attenuation 

MH70 

MOHATT  700  mb  Prog 

AVG 

Average 

MIN 

Minimum 

AWN 

Automated  Weather  Network 

MOHATT 

Modified  Hatrack 

BRG 

Bearing 

MSN 

Mission 

CAT 

Category 

NAV 

Navigational 

CIRC 

Circular 

NEDN 

Naval  Environmental  Data  Network 

CLD 

Cloud 

NEDS 

Naval  Environmental  Display 

CLSD 

Closed 

Station 

CNTR 

Center 

NET 

Near  Equatorial  Trough 

CONC 

Concentric 

NM 

Nautical  Mile(s) 

CONF 

Confidence  (number) 

OBS 

Observation 

DEG 

Degree (s) 

P 

Penetration  (by  aircraft) 

D/DIA 

Diameter 

PC 

Percent  (1) 

DIR 

Direction 

PCN 

Position  Code  Number 

DMSP 

Defense  Meteorological 

PSBL 

Possible 

Satellite  Program 

PTLY 

Partly 

ELEV 

Elevation 

QUAD 

Quadrant 

BLIP 

Elliptical 

RECON 

Reconnaissance 

FLT 

Flight 

RNG 

Range 

GOES 

Goestationary  Operational 
Environmental  Satellite 

RPD 

Rapid 

HATRACK 

Hurricane  and  Typhoon  Track¬ 
ing  (numerical  forecast) 

SAT 

Satellite 

SFC 

Surface 

HGT 

Height 

SLP  (MSLP) 

Sea  Level  Pressure  (Minimum 

HPAC 

Mean  of  XTRP  and  Climatology 

Sea  Level  Pressure) 

HUR 

HR(S) 

Hurricane 

Hour (s) 

SMS 

Synchronous  Meteorological 
Satellite 

SPOL 

Spiral  Overlay 

HVY 

Heavy 

SRDR 

Ship  Radar 

IR 

Infrared 
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SRP 

Selective  Reconnaissance  Program 

STNRY 

Stationary 

STY 

Super  Typhoon 

TC 

Tropical  Cyclone 

TCARC 

Tropical  Cyclone  Aircraft 
Reconnaissance  Coordinator 

TCM 

Tropical  Cyclone  Model 

TD 

Tropical  Depression 

TI 

Temperature  Inside  Eye 

TO 

Temperature  Outside  Eye 

TS 

Tropical  Storm 

TY 

Typhoon 

TUTT 

Tropical  Upper  Tropospheric 
Trough 

VEL 

Velocity 

VIS 

Visual 

VSBL 

Visible 

WESTPAC 

Western  Pacific 

WMO 

World  Meteorological  Organi¬ 
zation 

WRS 

Weather  Reconnaissance 

Squadron 

XTRP 

Extrapolation 

Z 

Zulu  Time  (Greenwich  mean 
time) 

2.  DEFINITIONS 

BEST  TRACK-A  subjectively  smoothed  path, 
versus  a  precise  and  very  erratic  fix-to-fix 
path,  used  to  represent  tropical  cyclone 
movement . 

CYCLONE-A  closed  atmospheric  circulation 
rotating  about  an  area  o£  low  pressure 
(counterclockwise  in  the  northern  hemisphere). 

EPHEMERIS- Posit ion  of  a  body  (satellite) 
in  space  as  a  function  of  time.  Vften  no 
geographical  reference  is  available  for  grid- 
ding  satellite  imagery,  then  only  ephemeris 
gridding  is  possible  which  is  solely  based  on 
the  theoretical  satellite  position  and  is 
susceptible  to  errors  from  satellite  pitch, 
orbit  eccentricity  and  the  non-spherical 
earth. 

EXTRATROPICAL-A  term  used  in  warnings  and 
tropical  summaries  to  indicate  that  a  cyclone 
has  lost  its  "tropical  characteristics".  The 
term  implies  both  poleward  displacement  from 
the  tropics  and  the  conversion  of  the  cy¬ 
clone's  primary  energy  sources  from  release 
of  latent  heat  of  condensation  to  baroclinic 
processes.  The  term  carries  no  implications 
as  to  strength  or  size. 

EYE/CENTER-Refers  to  the  roughly  circular 
central  area  of  a  well  developed  tropical 


cyclone  usually  characterized  by  comparatively 
light  winds  and  fair  weather.  If  more  than 
half  surrounded  by  wall  cloud,  the  word  "eye" 
is  used,  otherwise  the  area  is  referred  to  as 
a  center. 

MAXIMUM  SUSTAINED  WIND-Maximum  surface 
wind  speed  averaged  over  a  1 -minute  period 
of  time.  Peak  gusts  over  water  average  20 
to  25  percent  higher  than  sustained  wind. 

RECURVATURE -The  turning  of  a  tropical 
storm  from  an  initial  path  toward  the  west  or 
northwest  to  the  north  or  northeast. 

SIGNIFICANT  TROPICAL  CYCLONE-A  tropical 
cyclone  becomes  "significant"  with  the  issu¬ 
ance  of  the  first  numbered  warning  by  the 
responsible  warning  agency. 

SUPER  TYPHOON/ HURRICANE -A  typhoon/hurri- 
cane  in  which  the  maximum  sustained  surface 
wind  (1 -minute  mean)  is  130  kt  or  greater. 

TROPICAL  CYCLONE-A  nonfrontal  low  pres- 
sure  system  of  synoptic  scale  developing  over 
tropical  or  subtropical  waters  and  having  a 
definite  organized  circulation. 

TROPICAL  CYCLONE  AIRCRAFT  RECONNAISSANCE 
COORDINATOR-A  CINCPACAF  representative  desig¬ 
nated  to  levy  tropical  cyclone  aircraft 
weather  reconnaissance  requirements  on  recon¬ 
naissance  units  within  a  designated  area  of 
the  PACOM  and  to  function  as  coordinator 
between  CINCPACAF,  aircraft  weather  recon¬ 
naissance  units,  and  the  appropriate  typhoon/ 
hurricane  warning  center. 

TROPICAL  DEPRESSION-A  tropical  cyclone  in 
which  the  maximum  sustained  surface  wind 
(1-minute  mean)  is  33  kt  or  less. 

TROPICAL  DISTURBANCE-A  discrete  system 
of  apparently  organized  convection--generally 
100  to  300  miles  in  diameter- -originating  in 
the  tropics  or  subtropics,  having  a  non¬ 
frontal  migratory  character,  and  having  main¬ 
tained  its  identity  for  24  hours  or  more.  It 
may  or  may  not  be  associated  with  a  detect¬ 
able  perturbation  of  the  wind  field.  As 
such,  it  is  the  basic  generic  designation 
which,  in  successive  stages  of  intensifi¬ 
cation,  may  be  classified  as  a  tropical 
depression,  tropical  storm  or  typhoon. 

TROPICAL  STORM-A  tropical  cyclone  with 
maximum  sustained  surface  winds  (1-minute 
mean)  in  the  range  of  34  to  63  kt,  inclusive. 

TROPICAL  UPPER  TROPOSPHERIC  TROUGH  (TUTT) - 
"A  dominant  climatological  system,  and  a 
daily  synoptic  feature,  of  the  summer  season 
over  the  tropical  North  Atlantic,  North 
Pacific  and  South  Pacific  Oceans,"  from 
Sadler,  James  C. ,  Feb.  1976:  Tropical  Cyclone 
Initiation  by  the  Tropical  Upper  Tropospheric 
Trough.  (NAVENVPREDRSCHFAC  Technical  Paper 
No.  2-76) 

TYPHOON/HURRICANE-A  tropical  cyclone  in 
which  the  maximum  sustained  surface  wind 
(1-minute  mean)  is  64  kt  or  greater. 

WALL  CLOUD -An  organized  band  of  cumuli- 
form  clouds  immediately  surrounding  the 
central  area  of  tropical  cyclone.  Wall 
clouds  may  entirely  enclose  the  eye  or  only 
partially  surround  the  center. 
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DISTRIBUTION 


AFGWC  (2) 

AFGL/LYU  (2) 

AMER  EMBASSY,  BANGKOK  (7) 

ANDREWS  UN  IV  (1] 

ARIZONA  STATE  UNIV  (1) 

ARRS/CC  (4) 

AWS/DNT/DOR  (5) 

BUR  OF  MET,  BRISBANE  (2) 

BUR  OF  MET,  MELBOURNE  (1) 

BUR  OF  MET,  PERTH  (1) 

CATH  UNIV  OF  AMER  (2) 

CENKEABUR  TAIWAN  (3) 

CHIEF,  MAAG  TAIWAN  (i;i 
CHINESE  AF  WEACEN  TAIWAN  (3) 

CINCPAC  C2} 

CINCPACAF/DOW  (1) 

CINCPACFLT  (5) 

CIVIL  DEFENSE  (GUAM)  (4) 

CNO  (2) 

COLORADO  STATE  UNIV  (2) 

COLORADO  STATE  UNIV  (LIBR)  (1) 
COMATKCARSTKFORSEVENTHFLT  (2) 
COMFAIRECONRON  ONE  (VQ-1)  (3) 
COMLOGSUPFORSEVENTHFLT  (1) 

COMNAVAIRSYSCOM  (2) 

COMNAVFACENGCOMPACDIV  (1) 

COMNAVFORJAPAN  (1) 

COMNAVMARIANAS  (1) 

GOMNAVSURFPAC  (2) 

COMPATRECONFORSEVENTHFLT  (1) 

COMPATWING  (1) 

COMPHIBGRU  (1) 

COMSC  (1) 

COMSEVENTHFLT  (2) 

COMSUBGRU  SEVEN  (2) 

COMSUBPAC  (1) 

COMTHIRDFLT  (1) 

COMUSNAVPIL  (3) 

COMUSTDC  (1) 

DDC  (12) 

DEPT  AIR  FORCE  (1) 

DET  2,  IWW  (2) 

DET  4,  HQ  AWS  (MAC)  (5) 

DET  5,  IWW  (3) 

DET  8,  30WS  (2) 

DET  10,  30WS  (1) 

DET  IS,  30WS  (1) 

DET  17,  30WS  (1) 

DET  18,  30WS  (1) 

DIRNAVOCEANMET  (10) 

DISTAD  MARSHALLS  (5) 

DMA  (1) 

ENVSCISUPGRU  (5) 

ESCAP  (2) 

FAA  (GUAM)  (5) 

FLENUMWEACEN  (2) 

FLEWEACEN  NORFOLK  (1) 

FLEWEACEN  PEARL  HARBOR  (2) 

FLEWEACEN  ROTA  (1) 

FLEWEAFAC  SUITLAND  (2) 

FLORIDA  STATE  UNIV  (2) 

GEN  MET  DEPT  THAILAND  (2) 

GOVERNOR  OF  GUAM  (2) 

GUAM  PUBLIC  LIBRARY  (1) 

HEDSUPPACT  (2) 

ICY  AWS/DOR  (5) 

INDIA  MET  DEPT  (2) 

JAPAN  MET  AGENCY  (3) 

LIBR  OF  CONGRESS  (1) 

LIBR  OF  CONGRESS  (EXCHANGE  §  GIFT  DIV)  (4) 
LOS  ANGELES  PUBLIC  LIBR  (1) 

MAC/ HO  (2) 

MCAS  FUTEMA  (1) 

MCAS  IWAKUNI  (2) 

MCAS  KANEOHE  BAY  (1) 

MET  DEPT  BANGKOK  (2) 


MET  RESEARCH  INSTITUTE  LIBR  (3) 
NASA  GREENBELT  (3) 

NASA  WALLOPS  ISLAND  (1) 

NAT  CLIM  CNTR  (1) 

NATWEASERV  FOROFF  HONOLULU  (1) 
NATWEASERV  PACREG  (2) 

NAVAL  ACADEMY  (1) 

NAVWEASERVFAC  ALAMEDA  (1) 
NAVWEASERFAC  JACKSONVILLE  (1) 
NAVWEASERVFAC  YOKOSUKA  (1) 
NAVENVPREDRESFAC  (S) 

NESS/SFSS  (2) 

NHC,  NOAA  (1) 

NOAA/EDS  CORAL  GABLES  (4) 

NOAA/ EDS  WASHINGTON,  DC  (2) 
NOAA/ERL  BOULDER  (2) 

NOAA/ERL  MIAMI  (1) 
NOAA/HYDROLOGY  BR  (1) 

NOAA/ LIBRARY  (1) 

NOAA/NESS  (2) 

NOAA/PMEL  (1) 

NPGS  DEPT  OF  MET  (3) 

NPGS  LIBR  (1) 

NWESA  (1) 

NWSD  ASHEVILLE  (2) 

NWSED  AGANA  (2) 

NWSED  ATSUGI  (1) 

NWSED  BARBERS  POINT  (1) 

NWSED  CUBI  POINT  (1) 

NWSED  KADENA  (4) 

NWSED  MISAWA  (1) 

OCEANOGRAPHER  OF  THE  NAVY  (3) 
ODDR  5  E  (2) 

OKINAWA  MET  OBS  (1) 

OLG/HQ  AWS  (1) 

PAGASA  (6) 

ROYAL  OBSERVATORY  HONG  KONG  (3) 
TAIWAN  UNIV  (3) 

TEXAS  A5M  UNIV  (1) 

TTPI  (8) 

TYPHOON  COMM  SECR  (1) 
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